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SOMETHING NEW 
MIXING EQUIPMENT! 


HERE HAS BEEN DEVELOPED AND PROVED IN SERVICE 
A DOUGH MIXING TECHNIQUE WHICH HAS|BEEN 
ADOPTED BY SEVERAL MAJOR LABORATORIES, WITH|MANY 
OTHERS INDICATING INTEREST IN THE SYSTEM AND IN 
THE AVAILABILITY OF ATTACHMENTS FOR HOBART MIXERS 
MADE IN ACCORDANCE WITH THESE NEW SPECIFICATIONS. 


WE HAVE BEEN GIVEN PERMISSION TO MANUFACTURE AND 
SUPPLY BOWLS AND MIXING FORKS OF THIS NEW DESIGN 
WHICH WE OFFER AS FOLLOWS: 


For HOBART A200 Model CT-W-200 Water Jacketed Bowl, Stainless Fork. $95.00 
For HOBART A200 Model CT-200 Plain Bowl, Stainless Fork . . $65.00 
For HOBART A120 Model CT-W-120 Water Jacketed Bowl, Stainless Fork. . $90.00 
For HOBART A120 Model CT-120 Plain Bowl, Stainless Fork. . $60.00 
For HOBART C10 Model CT-W-10 Water Jacketed Bowl, Stainless Fork. .$80.00 
For HOBART C10 Model CT-10 Plain Bowl, Stainless Fork. .$50.00 


The above mixing equipment provides, among other things, a clear- 
ance between mixing surfaces of 4%". This gives more of a 
STRETCHING mixing action than the 1/16” to 1/8” clearance 
employed in the Model known as the “McDuffee Bowl and Fork’’ 
which we have made in recent years. 


All bowls in this series are made in such a way that water jacket 
can be added at any time. Therefore, a bowl purchased “plain’’ 
can be returned to factory and jacket added if ever required. 


According to the latest findings the new model which uses distinctly 
increased clearances, water jacket, etc., gives the most advantageous 
mixing conditions and action, and when used in multiples simulta- 
neously, excellent results are obtained according to all reports. 


WE WOULD LIKE TO HEAR FROM YOU! 


NATIONAL MFG. COMPANY 


LINCOLN, NEBRASKA™ 
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IQ EEPIN WITH NATURE 


THE OLD MILL RESTS for now the huge 
demand for fine white flour is far be- 
yond the capacity of wind-driven ma- 
chinery. But wheat loses some of Its 
vitamin value in modern milling. For- 
tunately, these vital properties are 
easily restored through vitamin enrich- 
ment. The medical and allied profes- 
sions, nutritionists, millers and bakers 
themselves are already responsible for 
legislation supporting enrichment in 23 
states representing 67,000,000 people. 
Bakers and millers Keep Faith With 
Nature, and their customers, when woe 
restore health-giving qualities throug 
enrichment. 


An Outstanding Nutritional Accomplishment 


Enriched white bread and rolls, enriched flour, en- 
riched macaroni products, enriched breakfast cereals, 
enriched farina all have Nature’s vitamin values re- 
stored. Thus is the nation’s diet improved. 


HE INC. + NUTLEY 10, NEW JERSEY 


VITAMIN DIVISION » HOFFMANN-LA ROC 
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OPTIMUM CRUMB 
AND TEXTURE 


in a loaf of bread is possible only with optimum alpha amy- 


lase enzyme action. 


With too little of this enzyme action, the bread will be dry 
and crumbly and will stale too quickly. 


With too much of this enzyme action, the bread will be too 
moist and possibly 
soggy. 


To obtain the opti- 
mum crumb and tex- 


ture it is necessary to 
determine the alpha 
amylase enzyme ac- 
tion separately, by it- 
self, and without in- 
terference from other 
components of the 
flour or ingredients. 


The most efficient way 
to do this is by the 
AMYLOGRAPH 
method. 


You can acquire an AMYLOGRAPH on nominal monthly 
payments. We invite your inquiry. 


BRABENDER CORPORATION, Rochelle Park, N. J. 
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PACKS AND DISTRIBUTES THESE 


Y PRODUCTS 


IMPORTANT 


YEAST + ACTIVE DRY YEAST 
B ENRICHMENT TABLETS + BAKING POWDER 
MALT SYRUP + BREAD IMPROVER 
FROZEN EGGS + PURE LEMON EMULSION 
IMITATION VANILLA CONCENTRATE 


National has long been known for the 
uniformity and purity of its yeast. But 
National is also a source of supply for 
these other important bakery products. 
National's reliable, responsive service is 
yours to count on and profit by, and you 
are invited to join National’s company of 
satisfied users, many of them customers 
for more than 10 years. 


NATIONAL YEAST CORPORATION 
Frank J. Hale, President 


EXECUTIVE OFFICES: N. Y. SALES OFFICE: 
Chanin Building 45-54 37th Street 
New York, N. Y. Long Island City, N. Y. 


CHICAGO SALES OFFICE: PLANTS: 
Pure Oil Building Belleville, N. J. 
35 E, Wacker Drive Crystal Lake, iii, 


MALT 
_ Eggs 
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Christian Becker No. 911 a 


MAGNETICALLY DAMPED PROJECTION 
READING BALANCE 


Capacity—200 grams. 
Sensitivity—1/10 mg. under full load. 


Beam—7” long. Graduated left to rig! ht, 0 to 1 gram in 100 mg. graduations 
(no weights below 1 gram — .), Beam weight is rapidly moved from one 
notch to another by means of a carrier operated outside of case. 


Knife Edges and Plane Bearings—Agate. 
Rider Carrier—Insures accurate alignment of lifting hook with beam. 
Pans—3” diameter stainless steel. 


Magnetic Damping—Arrests the oscillation of the beam almost immediately: 
A glance at the screen gives direct reading of the weight. 


Focusing Adjustment—Clear and sharp definitions on the screen, as well as 
adjustment of zero, are instantly made. 


A2-750 Balance in em mahogany case with glass sides ond op, front sliding door 
h drawer. Complete with transformer, and plug a 


Stock Delivery 


A. J. GRINER COMPANY 


Laboratory Apparatus — Chemicals 
1827 McGee Street Kansas City 8, Mo. 


TIME SAVING BALANCE — 
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MADE FOR EXACTING USES 


COVO Shortenings are all-vegetable, all-hydrogenated, always 
uniform, always dependable.-All are made to specifications for 
exacting uses. There is one best suited to your particular needs. 


Covo Covo "s.s.” 


—the outstanding all-purpose —the special shortening for 
shortening for fine cakes and prepared mixes—for biscuit 
icings, cookies and piecrust. and cracker manufacture, and 
Specially refined for heat en- for all other products requiring 
durance in frying. extra stability for long shelf life. 


Covo Super-Mix 


—the modern emulsifier type shortening that holds extra 
liquids, giving exceptionally fine eating quality and ex- 
tended freshness to all cakes, icings, sweet yeast doughs. 


LEVER BROTHERS COMPANY - General Offices: Cambridge 39, Mass. 


zation — HT Mono Calcium 


° Phosphate, Di Calcium Phos- 
k | tchen - test phate, Tri Calcium Phosphate, 
Calcium Pyrophosphate, 
Sodium Acid Pyrophosphate, 
laboratory service 
Ferric Orthophosphate. 

Services of Monsanto's modern, kitchen- 
test laboratories are yours upon request ~_ 
...without cost or obligation. For technical SS 
information, laboratory recommendations Detroit, Cleveland, Cincinnati, 
Charlotte, Birmingham, Los 
or samples of Monsanto food-grade Angeles, San Francisco, Seattle, 
phosphoric acid and phosphates—de- Montreal 


rived from elemental phosphorus of bet- 
ter than 99.9% purity —contact the 
nearest Monsanto Sales Office or write: 
MONSANTO CHEMICAL COMPANY, 
Phosphate Division, Desk B, 1784 South 


Second Street, St. Lovis 4, Missouri. | CH EMICALS 


MONSANTO 


SERVING INDUSTRY...WHICH SERVES MANKIND 
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DOUBLE ASSURANCE 
of Clean Grain 


and Highest Quality 
Products ... 


The “ENTOLETER?” Scourer-Aspirator is the latest 
improvement in mill equipment for dry cleaning 
grain. 


This equipment cleans grain in addition to the normal 
“ENTOLETER?” function of destroying all forms of 
insect life. It eliminates insect fragments, rodent 
excreta and other contamination. After the grain 
passes through the “ENTOLETER” Insect De- 
stroyer, it is thoroughly scoured in a whirling “tor- 
nado” action, and receives uniform aspiration at the 
most vital point. 


While the light debris is in a state of suspension, dis- 
lodged from the grain, it is caught by suction and car- 
ried into the dust collector and on to feed. 


Write for test data indicating the effectiveness of this 
equipment in actual mill operation. ENTOLETER 
DIVISION, The’ Safety Car Heating and Lighting 
Co., Inc., 1153 Dixwell Ave., New Haven 4, Conn. 


CENTRIFUGAL MACHINES 


CONTINUOUS INSECT CONTROL SYSTEM 
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You CAN DEPEND UPON 
THESE ALL-VEGETABLE HYDRO- 
GENATED SHORTENINGS ... . 


PRIMEX B&C 


An all-hydrogenated vegetable oil shortening of 
exceptional stability. Excellent for all deep fry- 
ing purposes. Preferred by biscuit and cracker 
bakers, manufacturers of prepared biscuit, pie 
crust, and doughnut flours, and makers of other 
food products where rancidity troubles are to be 
avoided. 


SWEETEX 
The “High-Ratio” shortening. Especially de- 
signed to permit bakers to produce “High-Ratio” 
cakes, icings, and sweet yeast goods with superior 
eating and keeping qualities. 


PRIMEX 


The all-hydrogenated shortening “that sets the 
quality standard.” A top grade shortening espe- 
cially recommended for doughnut frying, for 
pies, cookies and bread. and for other shortening 


purposes. 
PROCTER & GAMBLE 


Branches and warehouses in principal cities 


General Offices . . .«. CINCINNATI, OHIO 
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TELL US MORE, Teacher! 


@ Maybe you’re like a lot of food 
technologists and salt buyers who 
have gone along thinking all salt 
is the same. Actually, various 
brands and grades and grains of 
salt differ in many respects. 


Take solubility: In salting cheese, 
slow solubility of salt is highly im- 
portant and desirable. For other- 
wise, salt is lost in the whey. On 
the other hand, in salting butter, 
salt must dissolve with lightning 
speed. If the butterfat is on the 
soft side at certain seasons, butter 


must so quickly that 
over-working is avoided. Other- 
wise, the butter is likely to become 


mottled or marbled —may lose its 
moisture, become leaky. Yet, if 
the salt is not properly dissolved, 
the butter may be gritty. 

So we have definite solubility 
standards for Diamond Crystal 
Salt. Our Butter Salt, for example, 
dissolves completely in water at 
65° F. in less than 9.8 seconds— 
average rate, 9.2 seconds. That is 
why so many quality-minded food 
processors depend on Diamond 
Crystal products, manufactured 
under strict quality-control stand- 
ards for solubility rate. 


WANT FREE INFORMATION 
ON SALT? WRITE US! 
If salt solubility enters into your 
processing, write our Technical 
Director. He will recommend the 
correct Diamond Crystal Salt for 
best results. Diamond Crystal, 
Dept. M-12, St. Clair, Michigan. 


CRYSTAL 


ALBERGER 
PROCESS 


SALT 
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distributor. Ask him about— 


Dow Methyl Bromide for general space, 
vault, boxcar and tarpaulin fumigations. It 
works speedily, but thoroughly—controls ro- 
dents and insects in all stages of develop- 
ment—aerates rapidly. 


Dowfume EB-5 for fumigating grains in 
bulk. Its outstanding features are high toxici- 
ty to all types of stored grain pests, power to 
penetrate all levels of the bin and ability to 
control pests in the surface layer of grain. 


Dow Fumiganis 


THE DOW CHEMICAL COMPANY + MIDLAND, MICH. 

New York Boston e Philadelphia e Washington e Cleveland Detroit 

Chicagoe St. Louis e Houstone San Francisco e Los Angeles Seattle 
Dow Chemical of Canada, Limited, Toronto, Canada 


Although you may think of him as just another 
insect, the Oryzaephilus surinamensis and his tribe are eating 
away 5% of your profit. That is why an efficient fumigation 
program is a “must” in effective mill sanitation. And that is 
why the complete line of Dow fumigants is your best bet in up- 
holding the high sanitation standards of the milling industry. 
Write our Fumigant Division for the name of your local Dow 


Dowfume EB-15 for local machinery and 
spot fumigation. It is effective for fumigating 
processing machines capable of retaining fu- 
migant vapors for reasonable lengths of time. 


CHEMICALS INDISHENSARER 
TO INDUSTRY AND AGRICMITERE 
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Harvest 1s ComMIne 
Is your “KJELDAHL” ready ? 


Check list for REPLACEMENT PARTS 


ELectric HEATErRs—Dig.? Dist. ? 
HEATER Tops AND BASES 

Core PLATES 

TERMINALS 

ELEMENT Wires—Volts? Watts? 
Gas Burners—Type gas? 

Gas Burner Houstncs—Dig.? Dist. ? 

Pyrex CONDENSER TUBES 

Tin ConDENSER TUBES 


Laboratory Construction Company 
1113-1115 Holmes Street, Kansas City, Missouri, U.S. A. 
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FACTORS CAUSING THE CHECKING OF MACARONI! 
PauL L. EARLE? and NORMAN H. CEAGLSKE # 


ABSTRACT 


The modulus of rupture, modulus of elasticity, coefficient of thermal 
expansion, and coefficient of moisture shrinkage of macaroni products were 
determined. The moisture gradients present during the drying were also 
measured and these data have been applied to compute the stresses present 
in macaroni. For commercial products the coefficient of thermal expansion 
was found to be 54 X 10~* inches per inch—°C.; the coefficient of moisture 
shrinkage varied linearly with moisture content from 0.003 inch per inch— 
per cent moisture at 6% moisture to 0.0014 at 26% moisture; the average 
modulus of rupture of commercial spaghetti was 5,430 lb. per square inch. 

The thermal stresses are small compared to the moisture stresses and to 
the strength of the macaroni. Plastic flow (creep) occurs at high moisture 
levels, relieving the stress which accompanies the formation of a moisture 
gradient. Reduction of the moisture gradient towards the end of drying sets 
up tensile stresses in the interior and compressive stresses at the outer surface 
which are sufficient to cause checking. Changes in relative humidity of the 
surroundings may produce moisture gradients due to the loss or gain of 
water which if sufficiently large will produce checking. The checks originate 
at the points of highest tensile stress. 


A good macaroni has been defined as a product having the char- 
acteristics of hardness, brittleness, translucency, elasticity, and a rich 
amber color. The fracture should be glassy and long pieces should be 
sufficiently pliable to allow considerable bending before breaking. 

The drying of macaroni is the most important operation in macaroni 
manufacture since the quality of the finished product largely depends 
upon the skill and judgment with which it is carried out (12). Some 
fundamental studies (9) on sheet macaroni dried at constant drying 
conditions show that macaroni exhibits a typical drying rate curve. 
The constant rate period ends at the critical moisture content of ap- 
proximately 15% free water and is followed by the falling rate period. 

Commercial drying (14) is divided into three stages, the preliminary 


Manuscript received February 18, 1949. 
? Present address: Johns-Manville Corporation, Manville, New Jersey. 
3 Professor of Chemical Engineering, University of Minnesota. 
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drying, remoistening or sweating, and the final drying. Preliminary 
drying should reduce the water content from 45% (dry basis) to ap- 
proximately 29-31% in 30 to 60 minutes depending upon the shape. 
This drying stabilizes the shape of the macaroni, prevents mold forma- 
tion, and shortens the total time of drying. Remoistening or sweating 
consists of stopping the drying by an increase in the humidity. This 
allows the moisture to become uniformily distributed in the macaroni. 
In the final drying the moisture content of the macaroni is gradually 
reduced to 12.5% on the wet basis (14.3% dry basis). This period 
requires the longest drying time and the most careful control of the 
drying conditions. Numerous drying schedules are in use, some of 
which are described by Hoskins (11). Binnington and Geddes (7) 
described a procedure for experimentally drying macaroni using a 
constant temperature and a gradually decreasing humidity. Com- 
mercial driers are discussed by Hoskins. Improper control of drying 
leads either to cracks and checking or to mold formation. 

The objective of the present research was to determine the factors 
in drying which affect the physical properties of macaroni with particu- 
lar reference to checking and cracking. The coefficient of thermal 
expansion, the coefficient of moisture shrinkage, and the modulus of 
rupture were determined and the data used to compute stresses in the 
macaroni due to temperature and moisture gradients. 


Determination of Physical Constants of Macaroni Products 


Thermal Expansion. Length changes were measured by a quartz 
tube dilatometer patterned after that described by the American 
Society for Testing Materials (2). The outer tube had a length of 
20 inches and an inside diameter of 7 inch. The inner rod had a 
length of 1154 inches and a diameter of 34 inch. A Federal dial 
gauge graduated to 0.0002 inch per division was bolted to a bracket on 
the quartz tube, the stem of the dial gauge being concentric with the 
quartz tube. 

Samples of commercial and experimentally processed macaroni 
were cut to a length of 3.4 inches with ends perpendicular to the axis 
of the tube. The length of the conditioned test specimen was meas- 
ured at room temperature with a vernier micrometer to the nearest 
0.001 inch. The test specimen was mounted in a dilatometer placed 
in a bath maintained at 30.1°C. for 10 minutes, a sufficient time for the 
macaroni to reach bath temperature. The reading of the dial gauge 
was recorded. The dilatometer was carefully transferred to a second 
bath at 3.7°C. or 67.8°C. and the dial gauge read after 10 minutes. 


4 Private communication. 
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The dilatometer was returned to the first bath and the procedure 
repeated. 

The average coefficient of linear thermal expansion was calculated 
by the formula 


L=L[1 + a(T — 


= the coefficient of linear thermal expansion inches 
per inch of length per °C. 
(L — L.) = the average of the changes in Jength due to heating 
and cooling. 

L = the length at temperature 7. 

Le the length of the test specimen at temperature T7,. 
(T — T.) = the temperature difference in °C. over which the 
changes in length are measured. 


where a 


The linear coefficients of thermal expansion which were found are 
presented in Table I. 


TABLE I 
COEFFICIENT OF THERMAL EXPANSION OF MACARONI 
Inch 
Source Protein! Moisture 
% % °C, a 

Commercial 11.8 11.1 20-80 54x 10-* 
Experimental, Stewart wheat 11.8 8.6 3.7-30.1 55x 10-* 
Experimental, Stewart wheat 11.8 8.6 30.1-67.8 64x 107* 


114.0% moisture basis. 


Coefficient of Moisture Shrinkage. Six pieces of commercial mac- 
aroni, protein 10.7% (14.0% moisture basis), containing 31.5% mois- 
ture (dry basis), which had been made on a conventional hydraulic 
press subjected to a two-hour preliminary drying with air having a 
7°F. wet bulb depression, were rapidly cut with a razor blade to a 
length of 1.9 inches. All were marked with the light impression of a 
pair of dividers set at 2.530cm. The samples, kept in a glass weighing 
bottle, were weighed and then placed successively in desiccators filled 
with sulfuric acid of the proper concentration to maintain 80, 60, 40, 
and 20% relative humidity. A vacuum oven was used to obtain a 
dry sample. The distance between the gauge marks was measured 


every two or three days with a Gaertner traveling microscope capable 
of being read to 0.0001 cm. The samples were then placed in the 
desiccator of lower relative humidity and the process repeated. 

The coefficient of linear shrinkage due to changes in moisture 
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content was calculated by the formula 
L = L[1 + a’(W-W.) ] 
where a’ = the coefficient of linear shrinkage inches per inch of 


length per unit percentage decrease in moisture 
content (on a dry basis). 


L = the length at the moisture content W. 
L. = the length at the moisture content W.. 
(W-W.) = the difference in moisture content per cent on a dry 


basis. 


The values of a’, coefficient of linear shrinkage due to changes in 
moisture content for long macaroni, decreased with an increase in 
moisture content, having a value of 0.003 inch per inch of length 
per per cent change in moisture at 7% moisture, 0.0025 at 19% mois- 
ture, and 0.0017 at 26% moisture. These moisture values are all 
expressed on a dry basis. 

Modulus of Rupture. The flexural properties of macaroni products 
were determined using a modification of the Flexural Test of Plastics 
described by the American Society for Testing Materials (1). The 
breaking loads for spaghetti were too small for available testing 
machines. A torsion balance (capacity 1 kg.) was equipped with a 
constant-level water-feed and receiver. The water-feed rate was ad- 
justed to give the desired rate of loading. ‘The water supply was cut 
off by a momentary contact switch on the balance which operated a 
manual reset relay which shut off the water supply and stopped an 
electric timer. A sample support rested on the other pan of the 
balance, above the center of which was a fixed arm for center loading 
of the specimen. An optical system comprised of a galvanometer 
lamp, a 90° prism, a lightweight mirror mounted on the central pointer 
of the balance, and a chart supported on the wall of the adjacent room 
was used to obtain deflection data during the flexure test. The de- 
flection measuring system was calibrated by recording the deflection 
indicated by known displacements produced by a screw micrometer 
mounted in contact with the specimen plate. The loading nose and 
plate supports were cold-rolled steel 0.25 inch in diameter. A span of 
2 inches was used for the tests on spaghetti and macaroni, while a span 
of 0.5 inch was used for egg noodles. Samples of commercial spaghetti 
made on a conventional hydraulic press were dried to between 26 and 
10.9% (dry basis) in air-conditioned dryers, placed in closed containers, 
and tested as rapidly as possible to minimize any surface drying effects. 

The modulus of rupture (flexural strength) was calculated from the 
load required to break the specimen, tested as a simple beam loaded at 
midspan, by the following formulas: 
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a. For a solid cylinder of circular cross section 


b. For a hollow cylinder of circular cross section 


__8PLD_ 
~ — 


c. For a beam of rectangular cross section 


5 = 3PL 
2bd? 

modulus of rupture, pounds per square inch 

breaking load, pounds 

distance between supports, inches 

outside diameter of beam tested, inches 

inside diameter of beam tested, inches, or 

width of rectangular beam tested, inches. 


where 


As shown in Fig. 1, the modulus of rupture of samples of spaghetti, 
protein 12.3°% (14.0% moisture basis), taken at varying stages in the 
drying process increases as the material becomes drier. The maxi- 
mum strength for these samples was 2,270 lb. per square inch for a 
moisture content of 7% (dry basis). It is possible that these samples 
were left with a high moisture gradient when the final drying was 
started; this would lead to large permanent stresses which would 
account for these lower values. Also shown in Fig. 1 is an estimated 
curve for commercial spaghetti using the value of 5,400 Ib. per square 
inch at 11% moisture (dry basis). 

The importance of a relatively high modulus of rupture in deter- 
mining the amount of broken macaroni found on the bottom of the 
drying racks has been brought out by Winston and Jacobs (23). The 
improper control of the drying operation has much larger effects on 
the breakage than does the addition of lecithin. A macaroni which is 
full of checks must be sold as feed or if clean is sometimes reground and 
reprocessed. 

The breaking strengths of commercial and laboratory processed 
macaroni have been presented by Binnington and Geddes (7) in a 
form which permits the calculation of the modulus of rupture. Com- 
mercial macaroni had a modulus of rupture lying between 6,100 and 
7,300 Ib. per square inch. Laboratory-processed material had a 
modulus of rupture lying between 3,600 and 5,200 Ib. per square inch, 
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Fig. 1. Modulus of rupture of spaghetti as a function of water content. The extrapolated curve 


is an estimated one for commercial spaghetti using a value of 5,400 Ib. per square inch for the modulus 
of rupture at 11% moisture (dry basis). 


The modulus of rupture has been determined for four samples of 
commercial spaghetti, protein 11.5% (14.0% on moisture basis), 
having a moisture content of 11% (dry basis). The average of the 
10 readings from each sample was used to compute the modulus of 
rupture presented in Table II. 


TABLE II 
MopuLus OF RUPTURE OF COMMERCIAL SPAGHETTI 


Modulus of 
Diameter rupture 
in. 1b./sq. in. 
0.064 5,120 
0.073 5,770 
0.085 5,500 
0.089 5,340 


Average 5,430 


272 
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Binnington, Johannson, and Geddes (8) have reported the relation 
between protein content of wheat and the breaking strength of mac- 
aroni. Their data reported in arbitrary units have been converted 
for purposes of comparison into physical units, modulus of rupture in 
pounds per square inch, in Table III. It was necessary to assume 
that the distance between supports in their flexural test was 1 inch. 

Winston and Jacobs (23) have reported the breaking strength of 
commercially dried spaghetti processed with and without added 
lecithin. The sample was supported on glass rods 6 inches apart and 
weights were added at the center until the breaking point of the 


spaghetti was reached. 
TABLE III 


EFFECT OF PROTEIN LEVEL ON THE MODULUS OF RUPTURE 


% Units Ib./sq. in. 
10.5 153.0 3,978 
11.3 166.2 4,321 
A2.3 169.5 4,407 
13.2 190.4 4,950 
13.9 196.8 5,117 


114.0% moisture basis. 


Assuming that the diameter of the spaghetti was 0.080 inch, the 
modulus of rupture, computed from their data is 4,333 lb. for the 
control and 4,240 Ib. for the spaghetti to which 0.5% lecithin had been 
added. The addition of 0.5% lecithin does not have an appreciable 
influence upon the breaking strength of spaghetti in comparison with 
the larger effects attributable to drying conditions. Winston and 
Jacobs provide data showing that the use of lecithin increases the 
amount of broken pieces from 0.28% for the control to 0.34% with 
the added lecithin. 

Young’s Modulus of Elasticity. Modulus of elasticity may be 
defined as the ratio of the internal stress to the strain and is a number 
characteristic of the material at a given moisture content. The pro- 
cedure already described for determining the modulus of rupture was 
followed in measuring the modulus of elasticity. The deflections were 
measured at 5-second intervals during the loading of the sample. : 

The modulus of elasticity (Young’s Modulus) of spaghetti deter- - 
mined as a simple beam loaded at midspan was calculated from the E 
theory of flexure using the elastic curve of a beam, with the formula 
_ 4L?P 
_ 4L*(P70 — P20) 
3xD*(470 — A20) 


Ey 


f 
| 
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where E, = modulus of elasticity 
L = distance between supports, inches 
P = load, pounds 
A = deflection at center, inches 


P70, 70 = load and deflection at 70% of maximum load 
P20, 20 = load and deflection at 20% of maximum load 
D = diameter of spaghetti, inches. 


The results are presented in Fig. 2 as modulus of elasticity versus the 
moisture content expressed on a dry basis. 
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Fig. 2. Modulus of elasticity of spaghetti as a function of water content. 


The modulus of elasticity rises rapidly as the moisture content is 
decreased below 26% and since the equipment used was not suitable 
for wetter material, data on modulus of elasticity of flour dough re- 
ported in the literature (16, 17, 18) have been used to extrapolate the 
curve to 30% water (dry basis). 


Moisture Gradients in Drying 


A sample of macaroni dough, protein 11.9% (14.0% moisture 
basis), was rolled to a thickness of 0.075 inch. Five layers were 
placed in an aluminum moisture dish and drying proceeded from only 
one face. The sample was placed in the experimental dryer described 
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by Ritchell e¢ al. (15) and dried for 4 hours. The dry bulb was held 
at 35°C., relative humidity at 72%, and the air velocity at 640 feet 
per minute. Upon removal from the dryer, the outer layer was split 
into two portions, placed in aluminum moisture dishes, and analyzed 
for moisture by the vacuum oven method at 99°-100°C. The rate of 
drying below the surface was very slow. ‘The data were plotted and 
from the curve it could be estimated that the level at which there had 
been no moisture change was in the top layer. 

A sample of elbow macaroni from a Buhler Continuous press, 
protein 11.9% (14.0% on moisture basis), was rolled to a thickness of 
0.014 inch. Seven layers were made into a sandwich and placed in the 
same dryer for 2 hours at 95.4°F. with a relative humidity of 70.5% 
and an air velocity of 670 feet per minute. The equilibrium moisture 
corresponding to this humidity is 16% (dry basis). The moisture 
content dropped from 46% to an average of 28% in 2 hours. The 
distribution of water obtained from the analysis of the delaminated 
sandwich is presented in Fig. 3. A difference of 18% existed between 
the center and the outside surface. The conditions of this test were 
similar to those which have been used in several commercial plants. 
In the rest period, ‘‘sweating,’’ the surface would be expected to rise 
to some point between 26 and 30% either by addition of water from 
the air or by further diffusion of water from the center toward the 
surface. Plant tests have shown that a truck containing 175 lb. of 
wet macaroni in a period of rest often gains up to 2% water on a dry 
basis. This would indicate that water is added to the surface in 
addition to a diffusion of water from the interior. 

A sample of macaroni dough handled in a manner similar to the 
previous tests was dried for 8 hours under the following conditions: 
dry bulb, 90.8°F.; wet bulb difference, 25.7°F.; relative humidity, 
23%; equilibrium moisture content, 7.7% (dry basis); air velocity, 
670 feet per minute. At the end of drying a difference of 11% in 
moisture content existed between the center and the surface. The 
conditions of this test are far more severe than can be tolerated in 
commercial practice if the product is to be in one piece free from large 
cracks. This test indicates that a commercial spaghetti of 0.062 inch 
radius could drop from the moisture content it contains when pressed 
(44-46%) to 19% in 8 hours. However, the gradient in the early 
stages of drying must have exceeded 25% moisture (dry basis) and 
this is more than the materia! can withstand without checking. 

Samples of elbow macaroni, protein 11.9% (14.0% moisture), were 
obtained from a Buhler Continuous press in a local plant. The dough 
which passed through the die has been assumed to have a diffusivity 
similar to the extruded material when rolled out between steel rollers. 
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Fig. 3. Moisture gradients in preliminary drying. The data were obtained by drying a sandwich 
of seven sheets, each 0.014 inch thick, for 2 hours at 95.4°F. with a relative humidity of 70.5% and an 
air velocity of 670 feet per minute, and determining the moisture content in the various layers of the 
delaminated sandwich. 


The dough was rolled out to a thickness of 0.02 to 0.03 inch and folded 
to make a sandwich of seven layers, approximately 2 by 5 inches. The 
four edges were pressed together by a +4 inch wide straightedge to 
prevent delamination during drying. Seven similar samples were 
placed in a horizontal position supported at the edges by a thin wire 
framework 2 inches above the floor of a controlled humidity dryer 
described by Ritchell, Piret, and Mann (15). The average air velocity 
used in this drying experiment was 637 feet per minute; the dry bulb 
temperature was 35°C. The humidity was varied during the experi- 
ment to approximate a commercial schedule for a 30-hour drying 
period. At stated periods of time one of the seven similar samples 
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was removed, the edges trimmed back to eliminate those portions where 
drying was occurring also through the edges, and carefully delaminated 
with a razor. Each layer was placed in an aluminum moisture dish 
with a tight-fitting cover and the moisture content was determined by 
drying in a vacuum oven at 100°C. for 48 hours without grinding the 
sample. An attempt was made to simulate the commercial methods 
by 1 hour of rapid drying at a low relative humidity (80%) followed 
by a rest period of 1 hour in air of high relative humidity (93%) with 
the fan turned off. The fan was then turned on and the drying was 
continued. 
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Fig. 4. Moisture gradients in drying macaroni at 35°C. for different times. The data were ob- 
tained by drying seven sheets of macaroni dough, each 0.02 to 0.03 inch thick, made into sandwiches 
at 35°C., with the relative humidity varied to approximate a commercial 30-hour drying schedule. 
At the stated time intervals one sandwich was removed, the layers separated, and their moisture con- 
tents determined. 
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Fig. 5. Moisture gradients in drying macaroni for different times. The curves are based 
on data presented by Binnington and Geddes (7) for the laboratory drying of macaroni. 


The moisture content of the macaroni as a function of distance 
below the drying surface is plotted in Fig. 4 for drying times of 1, 2, 5, 
8 ,13,19, and 25 hours. The preliminary drying for 1 hour at a 
relative humidity of 80% established a moisture difference of 22% 
(dry basis) between the surface and the center of the slab. The 
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effect of the sweating was to add water to the surface, raising the 
surface moisture content from 21 to 30%; this had the over-all effect 
of reducing the moisture gradient in the slab from 22 to 13% (dry 
basis). ‘The moisture content of the surface was gradually decreased 
by lowering the relative humidity and this resulted in a gradient be- 
tween the center and the outside of 13% after 13 hours. After 25 
hours the moisture gradient was still 8.5%. 

The moisture distribution has been approximated in Fig. 5 from 
the data presented by Binnington and Geddes {7) for the laboratory 
drying of macaroni. The gradients in the early stages of drying are 
large in this test because of the short preliminary drying which was 
given the macaroni. 


Discussion of Factors Causing the Checking of Macaroni 


Semolina when mixed with water first forms a crumbly mass which 
is then kneaded into a dough and extruded by hydraulic or continuous- 
type presses. The dough in this form is plastic but it gradually loses 
this property during drying and behaves more nearly like a brittle 
material, that is, a material which is weakest in tension. Macaroni 
in the various stages of its drying is initially ductile (i.e., capable of 
being permanently pulled out), then it is both ductile and elastic in the 
region where viscous flow relieves stress, and is finally brittle at lower 
moisture contents. There is no sharp dividing line in which the proper- 
ties suddenly change from one type to another. The location of a 
region over which viscous flow can occur is not sharply defined at this 
time although many plant operators find that one-third of the water 
in the dough can be removed rapidly and still produce a satisfactory 
product. The modulus of elasticity curve may be extrapolated to 
zero at a moisture content between 26 and 27% (dry basis). However, 
if the data from the literature for a bread dough are used to extend this 
curve, a sharp change in the slope occurs in this same moisture range. 

Large samples of elbow macaroni taken from a commercial short- 
goods dryer were stored in closed cans for a period of 1.0 and 1.5 hours. 
The samples were examined by a manufacturer of macaroni drying 
equipment and by the authors. ‘The lower limit for satisfactory re- 
moistening was considered to be between 26.5% for an airtight 
remoistening chamber and 30% (dry basis) for a remoistening chamber 
in which there was a lower relative humidity. The amount of bound 
water computed from data published by Swanson (19) was found to be 
28.2% (dry basis). Vail and Bailey (22) found that the bound water 
was 28.6% (dry basis) at freezing temperatures, while Baker, Parker, 
and Mize (5) calculated the bound water to be 27.3% (dry basis). 
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The data indicate that the limiting moisture content permitting 
viscous flow lies between 26 and 30% (dry basis). This must be 
further qualified by. a consideration of the strength of brittle solids. 
At low temperatures a point is often reached called the brittle point. 
This probably represents the temperature at which both elastic modu- 
lus and plastic viscosity become so high that sufficient deformation 
cannot take place rapidly enough to prevent the stresses imposed in a 
short-time test from exceeding the strength of the material. 

A brittle material shows elastic properties including not only the 
instantaneous response but also lesser known reactions, such as 
primary creep, elastic after-working, and delayed elastic effect. The 
strength of a brittle material depends on such factors as time, chemical 
environment, and prestressing or permanent stresses which result from 
the methods of formation and drying. Recent theory applied to 
brittle materials emphasizes that various molecular or atomic mecha- 
nisms are the essential factors which determine the time for fracture. 
Since the elementary process of rupture consists of the irreversible 
separation of the atoms or molecules, no other external force except 
tension can bring about this separation. Failure occurs at the point 
having the largest tensile stress. Prestressing of the surface under 
compression increases the tensile strength by making surface flaws less 
important. Poncelet (13) states that it is unnecessary to resort to any 
hypothesis of the preexistence of flaws to explain the behavior of 
homogenous brittle solids under stress; the application of mechanics 
and elasticity to the particulate structure of matter and of the electro- 
static character of the particle appears to suffice. A fracture in a 
brittle solid begins at or near the most positive principal stress, and 
once started tends to propagate further. The condition of the outside 
surface, the atmosphere in direct contact with the solid, and the dura- 
tion of the stress all have an effect on the value of the strength found 
fora brittle solid. The tensile strength of identical solids always shows 
a scattering of values instead of identical reproducible values which 
are characteristic of common ductile materials. Binnington, Johann- 
son, and Geddes (8) found a large scattering of their results for the 
flexural strength of macaroni; which was not due to the differences in 
dimensions. The theory of the failure of brittle solids provides an 
explanation of their observation. 

The stresses that originate in a tubular strand of macaroni or 
spaghetti which is subjected to a moisture gradient may be treated by 
the equations developed for stresses which originate from a change in 
tempering (6, 20,21). The moisture gradient is quite similar in shape 
to the thermal gradient that has been used in the derivation of the 
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thermal stress equations. Moisture stresses may arise from one of 
the following causes: (1) an increase in moisture content at the surface, 
the moisture content of the sample having been uniform; (2) a de- 
crease in moisture content at the surface, the moisture content of the 
sample having been uniform; and (3) the removal of water from a wet 
dough. 

Increase in Moisture Content of the Surface. A solid tube or cylinder 
that has a uniform moisture distribution placed in an air stream of the 
same temperature, but whose relative humidity is greater than that 
corresponding to the equilibrium value for the moisture in the mac- 
aroni or spaghetti, will pick up water from the air. As water is added 
to the surface of the macaroni the outside of the tube tends to expand 
more than the inner layers. The outside of the cylinder is not free to 
expand in the normal manner and is therefore under compression; at 
the same time the inner layers will be stretched by the outer layers and 
will be in tension. ‘The longitudinal and tangential stresses change 
continuously from compression at the surface to tension in the interior 
and necessarily pass through an intermediate zone of zero stress. The 
stresses formed are tabulated below: 


DIRECTION OF 


STRESS LOCATION TYPE 
Tangential stress Inside radius Tension 
Tangential stress Outside radius Compression 
Longitudinal stress Inside radius Tension 
Longitudinal stress Outside radius Compression 
Radial stress All radii Tension 


As long as the outside layer is in compression, the macaroni will be 
stronger and will be less likely to check on the outside surface, but 
still may fail by checking in the interior due to the tensile stress at the 
inside radius. If water is added until the moisture distribution is 
again uniform at the new level corresponding to the relative humidity 
of the air surrounding the macaroni, the stresses caused by this moisture 
gradient will have disappeared with that gradient. ‘These stresses may 
be called temporary since they continue only as long as the moisture 
gradient is maintained. 

Decrease in Moisture Content of the Surface. A solid tube or cylinder 
which has a uniform moisture distribution when placed in an air stream 
of the same temperature but of a lower relative humidity than cor- 
responds to the equilibrium value for the moisture in the macaroni will 
lose water to the air. This establishes a moisture gradient in the 
sample. ‘Temporary stresses will be developed as shown in the table 


below : 
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DIRECTION OF 
ST 


RESS LOCATION TYPE 
Tangential stress Inside radius Compression 
Tangential stress Outside radius Tension 
Longitudinal stress Inside radius Compression 
Longitudinal stress Outside radius Tension 
Radial stress All radii Compression 


The macaroni will be weakest when the outside surface is in tension 
and failure will be most likely to occur at the outer surface. When 
equilibrium is reached at the lower moisture level corresponding to the 
new relative humidity, the temporary stresses caused by the moisture 
gradient will have disappeared. 

Removal of Water from a Wet Dough. The removal of water from 
macaroni causes the formation of moisture gradients as shown in Figs. 
3,4,and 5. The use of controlled relative humidity schedules or 
periods of alternate drying and resting have been used to minimize 
the magnitude of these gradients. 

The stresses established by drying may be considered under the two 
following cases: (1) Macaroni with a uniform moisture gradient exists 
in the stress-free condition when it passes the lower limit of moisture 
content where stresses can be relieved by viscous flow; (2) A moisture 
gradient exists within the stress-free macaroni when it passes the lower 
limit of moisture content where stresses can be relieved by viscous 
flow. 

STRESS-FREE MACARONI, NO MOISTURE GRADIENT. Drying will 
put the macaroni under a temporary stress and so long as the macaroni 
is not checked at any point due to an excessive gradient, the strength 
will be regained when the moisture distribution again becomes uni- 
form. ‘There will be no permanent stresses in this macaroni. The 
strength of this macaroni would be greater if the surface were under a 
slight compression, for this would minimize the effect of the surface 
irregularities as stress concentrators. 

STRESS-FREE MACARONI, MOISTURE GRADIENT PRESENT. In 
this case a moisture gradient exists in a material that is free from stress 
such as might well exist in macaroni where plastic flow has occurred to 
release the stresses formed in the early stages of drying. The removal 
of this gradient will cause stresses opposite in sign but equal in magni- 
tude to the stresses which would be caused by the same moisture 
gradient in a sample initially free of stress. The removal of Such 
moisture gradients will cause stresses the same as shown above. 

These stresses are called permanent stresses and can be removed 
permanently only by an annealing process. It has been possible to 
remove permanent stresses in the cases of certain thermoplastics by 
the addition of radiant heat to raise the temperature of the plastic 
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above the point at which internal stresses are relieved. This is not 
considered practical for macaroni for several reasons. Macaroni tends 
to decompose before any softening point is reached, color would be 
injured at higher temperatures, and there would be the cost and 
difficulty of cooling the macaroni without checking it due to excessive 
changes in moisture content at the surface. 

The customary preliminary drying followed by a remoistening or 
sweating to obtain a uniform moisture distribution tends to produce a 
stress-free macaroni with a moisture gradient: A portion of the 
stresses are released by viscous flow during the remoistening period. 
If moisture equilibrium was not obtained and drying was started 
again, it would be possible to leave the region where internal stresses 
can be relieved with a large moisture gradient but with relatively 
stress-free macaroni. In this case, no matter how much care is given 
in drying, the final product will be weak due to the permanent stresses 
and may even be checked on the inside as the moisture gradient is 
reduced at the end of the drying period. 

A like case would result from a short preliminary drying with re- 
moistening at a high moisture level, followed by a resumption of drying 
establishing a new moisture gradient by the time the material has 
reached the lower limit for plastic flow. Where this moisture gradient 
is large the macaroni may fail by tension at the inner surface upon the 
removal of the moisture gradient at the end of drying. This type of 
failure is one of the most puzzling to commercial operators, for the 
macaroni looks and feels strong as long as the drying is in progress. 
Soon after the fans are stopped the cracking starts. 

It is not likely that there would be a sudden change in properties 
above a certain moisture content. It is more likely that when there is 
some free water present (above about 26% on a dry basis), some 
viscous flow can occur. This releases a portion of the stresses per- 
mitting a macaroni with a moisture gradient to exist in a stress condi- 
tion less than would be shown by computation. ‘Thus one would not 
expect to attain a stress-free condition when dry. <A strong product 
would result at the end of drying if one passed through this region 
with a small moisture gradient. This macaroni is, then, more sus- 
ceptible to surface cracking in the earlier stages of drying than when 
the permanent stresses place the outer surface in compression. 

The equations of Barker for the thermal stresses in a long tube of 
circular cross section may be modified for the computation of the 
maximum tangential stress due to the formation of a moisture gradient 
between the inner and outer surface of the tube. The modified 
equations in which moisture, W, is substituted for temperature, 7, 
and the moisture coefficient of shrinkage, a’, is substituted for the 
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thermal coefficient of expansion, a, are as follows: 


1 
W,-— W:)-E 
P, a 1 2) a 
+r2ln re — ry — — In 
1 
(W, W2) Ea ro 
Py = r r? 
2( 1) (rs —r;*)In 
— (r2 — rZ)(Inr + 1) +72 — 
— rin — — 
where W, — W, = difference in water content between the inside and 


outside of the tube, per cent on a dry basis 

T = temperature of the tube, °C. 

r = radius of the tube, inches 

y = Poisson’s ratio for the material 

E = modulus of elasticity, Young’s 

a’ = moisture coefficient of shrinkage of the material 
P» = tangential tensile stress 
P, = radial tensile stress 
P, = longitudinal tensile stress 
Suffixes 1 and 2 refer to the inside and outside of the tube, 
respectively. 


A solution for a typical case where the ratio of r2/r; is 1.7 gives the 
maximum tangential stress produced by the formation of a moisture 
gradient of 1% to be 1,800 Ib. per square inch. 

The theoretical moisture gradient which will not cause checking has 
been computed for the two modulus of rupture curves of Fig. 1. 
Using the experimental data, the macaroni will withstand a moisture 
gradient of from 0.75 to 1.5% without fracture, depending on the 
ratio of r2/r; and the moisture content. From the extrapolated data 
on the commercial product, the gradient varies from 1.5 to 2.5%. 
A thin-walled product can withstand a greater stress than can a thick- 
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walled product. These results merely indicate trends since the failure 
in brittle solids depends on many factors, including the magnitude of 
the initial stress distribution. It is entirely possible that the allowable 
tensile stress of stress-free macaroni may be several times greater than 
has been determined. 

The effect of temperature alone can be calculated for a hypothetical 
case by assuming that macaroni containing 12% moisture (dry basis) 
at 90°F. is suddenly placed in a current of moving air at 70°F. with a 
relative humidity such that no changes occur in.the surface moisture 
content. The maximum tangential stress calculated for these condi- 
tions is 19 lb. per square inch which is a very small value in comparison 
with the allowable value of 2,000 to 5,000 Ib. per square inch for the 
modulus of rupture. 

Observation of relative humidities on various floors of commercial 
plants has shown that relative humidity variations from 65 to 50% are 
not uncommon. Variations from 70 to 30% have been measured in 
the winter on numerous occasions. 

Macaroni in equilibrium with air of 65% relative humidity would 
have a moisture content of 14.9% (d-y basis), while after attaining 
equilibrium in air of 50% relative humidity, the moisture content 
would be 12.3% so that the moisture gradient between the surface 
and the interior would be 2.6%. The maximum tangential stress due 
to a difference of 1% was calculated to be 1,800 lb. per square inch. 
For a difference of 2.6% the maximum tangential stress would be 4,700 
lb. per square inch. This would not cause checking of a strong 
macaroni. 

LeClerc (12) has stated that macaroni should not be subjected to 
sudden changes in temperature as this may cause the product to 
warp. A study of the relative magnitude of the stresses due to tem- 
perature and relative humidity changes shows clearly that it is the 
moisture content of the air and not the temperature that is responsible 
for the checking of macaroni products. Probably the origin of this 
line of thought in the industry lies in the fact that a plant having 
widely different temperatures will also have large differences in the 
relative humidity. 

A second cause of checking is the disappearance of the moisture 
gradient that existed in the macaroni when it was in the plastic state 
in a stress-free condition. 
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EFFECT OF HEAT TREATMENT ON THE SULFHYDRYL 
GROUPS OF MILK SERUM PROTEINS! 


RoBertT A. LARSEN,? ROBERT JENNESS,’ and W. F. GEpDDEs 


ABSTRACT 


When milk serum protein sols containing 5.0 to 6.0 g. of protein per 
liter in phosphate buffer at pH 6.6 were heat-treated under nitrogen, di- 
alyzed, and stored in air, the titratable —SH groups expressed as cysteine 
and determined by the o-iodosobenzoate procedure decreased from 0.87% for 
the control to 0.68, 0.51, and 0.42% for sols maintained at 70°, 75°, and 80°C. 
respectively for 30 minutes. These decreases could not be accounted for by 
the small quantities of volatile sulfur which were evolved nor by any change 
in the cysteine or methionine values. Failure to detect cystine in hydroly- 
zates of either unheated or heated samples indicates that the lower —-SH titer 
of the heat-treated samples was due to aggregation of the protein molecules 
rather than to oxidation of sulfhydryl to disulfide linkages. 

When milk serum protein sols were heat-treated in air and nitrogen 
respectively and titrated immediately upon cooling, a decrease in —SH 
groups available to o-iodosobenzoate only occurred in air. Both thiamine 
disulfide and ferricyanide gave very low titers for unheated milk serum 
protein, the —SH values expressed as cysteine being 0.02 and 0.09% respect- 
ively as compared with 0.63% by titration with o-iodosobenzoate. How- 
ever, heat treatment increased the groups available to these reagents. 

The possibilities of heat-induced interactions between the several elec- 
trophoretically different components of the milk serum and of the protein 
sulfhydryls with lactose are discussed. 

Since sulfhydryl compounds cause softening of dough and depression of 
loaf volume, the decrease in titratable —SH groups as measured by titration 
with o-iodosobenzoate serves to explain the improvement in the baking 
value of nonfat milk solids that can be effected by the proper heat-treatment 
of separated milk before drying. 


It is well known that the detrimental effect of nonfat dry milk solids 
on the consistency of dough and the loaf volume of bread can be over- 
come by heating the separated milk before drying (11, 12, 23, 28). 
Furthermore, the serum protein fraction of the milk has been shown 
to be responsible for both the dough softening (23, 30) and the loaf 
volume depression (15, 23). 

The fundamental reason for the dough-softening action of the milk 
serum proteins has not been elucidated satisfactorily. However, the 
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similarity between this phenomenon and the dough-softening effect of 
reducing substances (see Shen and Geddes, 27) would lead one to 
suspect that such powerful reducing groups in the protein as the sulf- 
hydryls might be involved. This suggestion actually was made by 
Stamberg and Bailey (30), who found that while fresh skimmilk ex- 
hibited a polarographic wave characteristic of sulfhydryl compounds, 
such a wave could not be demonstrated with heated skimmilk. At 
first glance, this result appears to be contradictory to the generally 
accepted idea that denaturation of proteins by heat or other means 
liberates sulfhydryl groups (1, 26). It also seems contrary to the 
established fact that heat-treatment of milk causes the appearance of a 
positive nitroprusside test (13,19) and of substances that reduce 
thiamine disulfide (14). Stamberg and Bailey (30) suggested that this 
difficulty might be resolved by considering that heat causes a reorgani- 
zation of the protein micelles in such a way that the over-all activity 
of the sulfhydryl groups is decreased, while at the same time, some of 
the —SH groups are broken away to form free hydrogen sulfide. 

Heat-treatment of milk not only produces internal rearrangements 
of the serum proteins, but also liberates a certain amount of volatile 
sulfur-containing compounds (Townley and Gould, 31, 32, 33). Such 
a loss of volatile sulfides must be taken into consideration in studying 
the effect of heat on the sulfur distribution in milk. 

The present research was undertaken to examine the changes 
produced by heat-treating protein sols in the activity of the —SH 
groups and in the quantities of sulfur present as volatile sulfur, cys- 
teine, cystine, and methionine. In the main series of experiments, the 
serum protein sols were heat-treated in nitrogen and the —SH groups 
determined by titration with o-iodosobenzoate. Supplementary 
studies were made in which the sols were heated in the presence and 
absence of air and the —SH groups determined by each of three 
methods (thiamine disulfide, ferricyanide, and 0-iodosobenzoate). 


Materials and Methods 


The major portion of this investigation deals with a single lot of 
milk serum protein. Sols of this protein at pH 6.6 were subjected to 
selected heat-treatments. The volatile sulfides evolved in the process 
were collected and determined, and the sols were analyzed for titratable 
sulfhydryl groups. Finally, the sols were dried from the frozen state 
under vacuum and the dried material was analyzed for cysteine, 
cystine, methionine, and total sulfur. 

Preparation of Milk Serum Proteins. The casein was precipitated 
from fresh raw, separated milk at 25°C. by the acetate method de- 
scribed in a previous paper (23). The resulting serum was divided 
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into four portions each of which was dialyzed in Visking sausage cas- 
ings against running tap water at 13°C. for 42 hours and then against 
distilled water for 6 hours. A minute amount of protein, precipitated 
during the dialysis, was removed by filtration. Phosphate buffer was 
added to each portion to yield a pH of 6.6 and an ionic strength of 0.1 
in the final solution. The protein concentrations of these sols were 
5 to 6g. per liter. 

Comparisons of the thiamine disulfide, ferricyanide, and 0-iodoso- 
benzoate methods for determining sulfhydryl gfoups were made on 
another lot of milk serum protein prepared in the same way. 

Heat-Treatment and Estimation of Volatile Sulfides. The method 
employed to heat the serum protein sols was essentially that used by 
Townley and Gould (31) to heat milk. The apparatus consisted of a 
2-liter flask immersed in a water bath and fitted with a condenser, 
which in turn was connected to a volatile sulfide trap containing 150 
ml. of 0.5% zinc acetate in 0.4% sodium hydroxide. 

One liter of each of the four sols of serum protein in buffer was 
successively placed in this apparatus. In each case, the solution, 
taken from the cold room at 3°C., was brought to 25°C. before it was 
introduced into the flask. The system was closed and a stream of 
nitrogen, freed from oxygen and hydrogen sulfide by passing through 
alkaline pyrogallol and silver nitrate respectively, was bubbled through 
it. The first lot was maintained at 25°C. for 60 minutes, nitrogen 
being bubbled through it during 30 minutes and a vacuum drawn with 
an aspirator during the last 30 minutes. The other three solutions 
were heated to the respective temperatures of 70°, 75°, or 80°C. in 24 
to 28 minutes, maintained at this temperature for 30 minutes, and 
cooled to 25°C. in 30 minutes. The nitrogen stream was bubbled 
through the system until the end of the heating period; during the 
cooling period the nitrogen was stopped and a vacuum was drawn to 
remove any last traces of volatile sulfides. Sulfides were estimated in 
the contents of the sulfide collector by the colorimetric method de- 
scribed by Townley and Gould (31). In this method methylene blue 
is produced from p-aminodimethylaniline, ferric chloride, and the 
volatile sulfides of the sample. The intensity of the blue color was 
determined after 1 hour with a Coleman spectrophotometer, employ- 
ing a wave length setting of 660 mu. 

Titration of Sulfhydryl Groups. After heat-treatment, the milk 
serum protein sols were dialyzed for 6 hours against tap water and 6 
hours against distilled water to remove the buffer. Their protein con- 
centrations changed slightly because of osmosis and consequently 
were redetermined. 

The sulfhydryl groups of these sols were titrated with o-iodoso- 
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benzoate by the method of Hellerman et al. (17,18). This method 
depends upon the oxidation at pH 7.0 of the sulfhydryl group to di- 
sulfide by o-iodosobenzoate. The excess o-iodosobenzoate is titrated 
iodimetrically with thiosulfate. It was possible by this method to 
account for 99% of the cysteine in a 0.100 N solution. Titration of 
egg albumin, prepared by the method of Kekwick and Cannan (22) in 
3 M guanidine hydrochloride, yielded a value equivalent to 1.30% 
cysteine, which is in close agreement with the value of 1.29% reported 
by Hellerman et al. (17) for titrations of similar preparations in 7 M 
guanidine hydrochloride. 

The titrations of milk serum proteins with the o-iodosobenzoate 
method were performed as follows: To 10 ml. of the protein solution 5 
ml. of phosphate buffer (pH 7.0) and 1 ml. of 0.02 N 0-iodosobenzoate 
solution were added. The mixture was shaken for 2 minutes. During 
the third minute 5 ml. of water, 1.8 ml. of 1 N hydrochloric acid, and 
2 ml. of starch indicator were added to 0.3 g. of potassium iodide, pre- 
viously weighed out in a separate flask. At the end of the third 
minute, the contents of the second flask were added to those of the first 
and the iodine liberated was titrated with 0.01 N sodium thiosulfate 
using a burette with 0.01 ml. graduations. A blank in which 10 ml. of 
water was substituted for the 10 ml. of protein solution was also run. 

The determinations of sulfhydryl with ferricyanide and thiamine 
disulfide were made by the methods described by Crowe et al. (9) and 
Harland and Ashworth (14) respectively. 

Estimation of Cysteine and Cystine. For the determination of 
cysteine and cystine 0.3 g. of the dry protein preparations were hy- 
drolyzed for 15 hours at 110°-115°C. with 30 ml. of 6 N hydrochloric 
acid under nitrogen and analyzed by the colorimetric method of Lugg 
(24, 25) as modified by Kassell and Brand (20) which employs phos- 
pho-18-tungstic acid as the oxidant. Some brown humin formed 
during the hydrolysis. The insoluble portion of this humin was re- 
moved by filtration through a sintered glass crucible, and while some 
soluble humin remained it did not interfere appreciably with the 
estimation of the blue color of reduced phospho-18-tungstic acid be- 
cause of the high dilution involved. The absorption of the blue- 
colored solution was measured with a Coleman spectrophotometer at 
670 mu., the concentration of amino acid being read from a standard 
curve. In the absence of sulfite the analysis determines cysteine 
alone. The addition of sulfite causes reduction of cystine to cysteine 
and consequently both cystine and cysteine are determined if sulfite is 
added. 

In tests on separate solutions of the pure amino acids, recoveries of 
95% of the cysteine and 94% of the cystine were realized. When a 
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solution containing both was analyzed, 92% of the cystine and 99% of 
the cysteine were recovered. Application of the method to a sample 
of commercially prepared lactalbumin (S.M.A. Corp., Chagrin Falls, 
Ohio) yielded 2.80% cystine and 0.21% cysteine, which are in reason- 
able agreement with the respective values of 2.80% and 0.28% re- 
ported by Kassell and Brand (21) for similar material. 

Estimation of Methionine. Methionine was determined in the dry 
proteins by the method of Baernstein (2, 3, 4) which involves hydroly- 
sis of the protein with hydroiodic acid whereupon methyl iodide is 
formed from the methionine. The gaseous methyl iodide is collected 
in a bromine solution. lodate is formed which is titrated with thiosul- 
fate. Samples weighing about 0.5 g. were hydrolyzed with 10 ml. of 
redistilled hydroiodic acid at 130°-140°C. for 8 hours. Nitrogen was 
bubbled through the sample during hydrolysis. The evolved gas was 
washed by passing through a solution of 20% cadmium chloride 
saturated with respect to mercuric chloride and the methyl iodide was 
caught in a solution of bromine in acetic acid. At the end of the 
hydrolysis the excess bromine was reduced with formic acid and an 
aliquot of the solution titrated iodimetrically with thiosulfate. 

A recovery of 93% of pure methionine from solution was obtained 
with this method. 

Determination of Total Sulfur. ‘Total sulfur was determined by 
oxidizing samples of about 0.25 g. of the dry protein in the Parr per- 
oxide bomb, dissolving the fused mass, and precipitating and weighing 
the sulfur as barium sulfate. 


Results and Discussion 


The results of these analyses are given in Table | on an amino acid 
basis and in Table I! on the basis of sulfur distribution. 


TABLE I 


TITRATABLE SULFHYDRYL GROUPS AND SULFUR—CONTAINING AMINO ACIDS 
IN MiLk SERUM PROTEINS AS AFFECTED BY HEAT-TREATMENT 


Titratable? 
Heat-treatment! —SH groups Cysteine* Cystine? Methionine 

(as cysteine) 

°C. %o % % % 

Control 0.87 2.9 0.0 3.2 

80 0.42 3.0 0.0 3.1 


1 The heat-treated samples were raised to the indicated temperatures in 24 to 28 minutes, held at 
the specified temperature for 30 minutes, and cooled to 25°C. in 30 minutes. 

2 Mean of three determinations by the o-iodosobenzoate method. 

3 Mean of six determinations, three on one weighed sample and three on another. 

* Mean of three determinations on the hydrolyzate from one weighed sample, 
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TABLE II 


SuLFUR DISTRIBUTION OF UNDENATURED AND HEAT-TREATED 
MiLk SERUM PROTEINS 


Heat-treatment! Volatile sulfur? Cysteine sulfur? —— Total sulfur® 
°C. % % % % 
Control 0.000013 0.78 0.69 1.6 
70 0.000022 — — 1.6 
75 0.00003 1 1.6 
80 0.000032 0.79 0.67 1.6 


1 The heat-treated samples were raised to the indicated temperatures in 24 to 28 minutes, held at 
the specified temperature for 30 minutes, and cooled to 25°C. in 30 minutes. 

2 Single determination. 

3 Mean of six determinations, three on one weighed sample and three on another. 

4 Mean of three determinations or the hydrolyzate from one weighed sample. 

5 Mean of duplicate determinations on separately weighed samples. 


The titratable sulfhydryl groups decreased progressively as the 
heat-treatment was made more drastic. However, no change occurred 
in the cysteine content as determined in the hydrolyzate. In fact, all 
of the nonmethionine sulfur of the protein appeared to be in the form of 
cysteine regardless of heat-treatment. This result was very surprising 
in view of the reports of Kassell and Brand (21) and Brand et al. (7) 
that the major portion of the nonmethionine sulfur is present as 
cystine in “‘lactalbumin”’ and 8-lactoglobulin respectively. The possi- 
bility that this apparent anomaly was due to reduction occurring 
during the hydrolysis or during the subsequent determinations was 
precluded by a test in which 22.5 mg. of cystine was added to the 
protein sample before hydrolysis and 94.5% of this amount was re- 
covered by the analysis. 

The data obtained for cysteine agreed satisfactorily with those 
obtained by others for the sum of the cysteine and cystine in milk 
serum proteins (5,6). The methionine percentage is in reasonable 
agreement with other data (5,6) and the sum of the cysteine and 
methionine sulfur represents about 91% of the total sulfur. 

The amount of sulfur volatilized is of the same order of magnitude 
as that found by Townley and Gould (31) upon heating milk. For 
example, they found that an amount of sulfur equivalent‘ to 
0.000015% of the serum protein was volatilized during heating milk 
at 80°C. for 30 minutes. The results in Table I1 show that 0.000032% 
sulfur was volatilized by subjecting serum protein to the same treat- 
ment. The fact that a lower value is obtained by heating milk is in 
accord with the finding of Townley and Gould (33) that the presence 
of sugar reduces the volatilization of sulfides during heating. 

The iodosobenzoate titration yields higher values for the sulfhydry| 


* Calculated on the assumption that one liter of milk contains 7.3 g. of serum protein. 
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content of unheated milk serum protein than has been obtained by the 
use of either thiamine disulfide or of ferricyanide as oxidants. Thus, 
Harland et al. (16) found that thiamine disulfide oxidized only a 
negligibie number of groups in unheated milk serum protein. Crowe 
et al. (9) and Harland et al. (16) have reported values obtained on milk 
serum protein by the ferricyanide method which are equivalent to 
0.05% and 0.29% * cysteine respectively. A direct comparison of the 
three methods on a single sample of milk serum proteins is afforded by 
the data of Table III. These data were secured on a sample of protein 
prepared in the manner previously indicated. Portions were heat- 
treated in stainless steel tubes at 75°C. and 85°C. for 30 minutes in an 
atmosphere either of air or of nitrogen® and the sulfhydryl determina- 


TABLE III 


EFFECT OF HEAT—TREATMENT ON THE SULFHYDRYL GROUPS IN MILK SERUM 
PROTEIN AS DETERMINED BY VARIOUS METHODs ! 


—SH groups (as cysteine) by various methods 
Heat-treatment | 


for 30 min. 
Thiamine disulfide Ferricyanide o-iodosobenzoate 
°C. % % 
Control 0.02 | 0.09 0.63 
HEATED IN AIR 
75 0.08 0.18 0.60 
85 | 0.12 0.21 0.32 
HEATED IN NITROGEN 
| 
75 | 0.10 | 0.25. 0.67 
85 0.20 | 0.34 0.68 


1 Sol of protein was buffered at pH 6.6 with phosphate buffer having an ionic strength of 0.1. The 
protein concentration of the sol was 5.9 g. per liter. : 
tions were made immediately after heating and cooling. Comparison 
of results obtained by the three methods on the unheated samples sug- 
gests that the sulfhydryl groups of the protein are of graded reactivity 
or availability. Thus the number of groups oxidized depends on the 
oxidation-reduction potential of the oxidant and on the conditions 
employed. 

Heat-treatment of the serum protein caused a decrease in the 
number of groups titratable by iodosobenzoate. On the other hand, 


5 These values were computed from the data graphed in Fig. 6 of the paper by Crowe et al. (9) and 
in Fig. 3 of that of Harland et al. (16). The sample used by the latter was prepared from nonfat dry 
milk solids spray-dried from milk that had been preheated at 63°C. for 30 minutes; this treatment un- 
doubtedly explains its higher capacity to reduce ferricyanide. Two other samples of serum protein 
isolated from fresh skimmilk and analyzed by this method in the laboratories of the Division of Dake 
Husbandry yielded values equivalent to 0.09 and 0.10% cysteine respectively. 

6 This sample was prepared and heat-treated by H. A. Harland. The thiamine disulfide and fer- 
ricyanide determinations were also performed by him 
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it has been shown that heat-treatment results in increases in the groups 
available to thiamine disulfide and ferricyanide (9,16). The ap- 
pearance of groups which reduce thiamine disulfide coincides with the 
appearance of a positive nitroprusside test. Evidently a small number 
of groups are made more active than were any groups originally.’ 

Obviously, the decrease which heat-treatment produces in the 
power to reduce iodosobenzoate cannot be due to loss of the insignificant 
amount of sulfur volatilized during heating. Another possibility is 
that the decrease in titratable sulfhydryl groups represents oxidation 
during or following heating. This possibility gains support from the 
facts that the groups which reduce thiamine disulfide are known to. be 
susceptible to oxidation, and that in the present study, the protein sols 
for which data are reported in Tables | and II were protected from 
oxygen during the heat-treatment but were exposed to air in the sub- 
sequent dialysis and storage prior to analysis. It gains even more 
support from the data of Table III which show definitely that when 
the titration is performed immediately after heating and cooling the 
decrease in groups available to 0-iodosobenzoate does not occur in the 
absence of oxygen during heat-treatment. However, the failure to 
detect cystine in hydrolyzates of either unheated or heated samples 
seems to preclude the possibility of explaining the decrease in titer on 
the basis of oxidation of sulfhydryl to disulfide linkages. This whole 
question of the possible role of oxidation is receiving further study at 
present. 

In addition to oxidation, heat-treatment undoubtedly causes an 
unfolding of the protein molecules such that, upon cooling, the molecule 
refolds or agglomerates with other molecules in such a way that groups 
originally available to oxidation by iodosobenzoate are made sterically 
unavailable. This affords an alternate or additional explanation for 
the decrease in titration. 

It is not known, of course, to what extent the changes produced by 
heat are due respectively to interactions among different species of 
protein micelles, to interactions among micelles of a given species, and 
to strictly intramolecular rearrangements. Since milk serum protein 
is a mixture of several electrophoretically different components (10, 
29), the possibility of interaction is evident. Unpublished observa- 
tions by one of us (R. J.) indicate that heat-treatment of milk serum 
protein in phosphate buffer at pH 6.9 and an ionic strength of 0.1 at 
100°C. for 30 minutes causes the mixture to become electrophoretically 
more homogeneous, thus supporting the hypothesis that interaction 
can and does occur. On the other hand, Briggs and Hull (8) reported 


7 The maximum observed by Harland et al. (16) was attained on heating at 95°C. for 2 minutes. 
It was equivalent to 0.33% cysteine. 
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that continuous aggregation occurs during heat-treatment of purified 
8-lactoglobulin. A few titrations made by the iodosobenzoate method 
on some of the 8-lactoglobulin samples prepared by Briggs and Hull 
indicated that a decrease in titratable sulfhydryl groups is produced by 
heat-treatment of this rather homogeneous protein. 

There is no assurance that the changes that have been found to 
occur in sols of milk serum protein in phosphate buffer are duplicated 
when these proteins are heated in their natural environment in milk. 
If oxidation is indeed a significant factor in the heat-induced changes, 
then the alterations produced in milk heated in the presence of air may 
be different from those recorded in this paper where air was excluded, 
at least during the heating process. In milk, moreover, the protein 
sulfhydryl groups may react with other nonprotein constituents. It 
has been demonstrated that when lactose is present in the system, 
heating produces an interaction between the proteins and lactose which 
results in a larger increase in capacity to reduce ferricyanide than that 
resulting from heating the protein alone (9, 16). Interestingly enough, 
lactose either retards the liberation by heat of groups that reduce 
thiamine disulfide or reacts with some of such liberated groups (16). 

The decrease which heating produces in sulfhydryl groups titratable 
with iodosobenzoate coincides with the loss of dough-softening action 
which was shown in a previous paper to occur upon heating of sols of 
milk serum protein. ‘Thus, these data agree with the suggestion of 
Stamberg and Bailey (30) that heat-treatment reduces the over-all 
activity of the sulfhydryl groups of milk serum protein and that this in 
turn causes the loss of dough-softening action and the improvement in 
baking quality of nonfat dry milk solids. 
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BIOLOGICAL VALUE OF THE PROTEIN AND THE 
MINERAL, VITAMIN, AND AMINO ACID 
CONTENT OF SOYMILK AND CURD! 


IRENE C. L. CHANG? and HazeLt C. Murray? 


ABSTRACT 


Soymilk was prepared by soaking the beans in water overnight followed 
by draining and grinding. Water was then added, the whole heated to 
200°F., and solid matter filtered off. The curd was precipitated from the 
milk by the addition of magnesium chloride. Soymilk powder was prepared 
from the milk in a spray drier. The composition was then determined. 
The biological value of the protein of these products was assayed by the rat 
growth and nitrogen retention methods. The soymilk was 80% as efficient 
as whole milk powder, whereas the comparative value for the whole bean 
and curd was 75%. Supplementing soybean protein with sesame seed 
raised the value to 94%. The soymilk and curd contained approximately 
0.25 to 0.34% of calcium, 0.01 to 0.015% of iron, and 0.8 to 1.0% of phos- 
phorus. The curd had a higher percentage of these minerals than the orig- 
inal bean. Soymilk contained 11.8 yg. thiamine, 4.6 wg. riboflavin, and 
29.0 wg. nicotinic acid per g.; the curd 3.9 yg. thiamine, 3.7 wg. riboflavin, and 
5.5 wg. nicotinic acid per g. These figures were calculated on a moisture- 
free basis. The milk was a better source of these vitamins than the original 
bean. Soymilk contained 1.4% methionine and 2.4% of cystine; the cor- 
responding values for the curd were 1.2 and 1.2% respectively. 


Soybeans have long been regarded as a nutritious food. They are 
not only unusually high in protein (40%) and oil (20%), but are also 
good sources of the minerals—iron, calcium, and phosphorus—and the 
B vitamins (Payne and Stuart, 29). 

Numerous investigations have been conducted on the biological 
value of soybean proteins. Work on men and dogs (25), rats (5, 18, 
27, 28), and chicks (1, 2, 14) has indicated that proteins of adequately 
heated soybeans are high in value. 
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Sprague (34) reported that soybeans contain substantial quantities 
of thiamine (0.8 to 1.3 mg. per 100 g.), niacin (4.8 to 9.0 mg. per 100 
g.), and riboflavin (0.3 to 0.4 mg. per 100 g.). The results obtained 
by Burkholder (7) were in good agreement with these findings. 

Bailey, Capen, and LeClerc (4) gave the following percentages for 
the mineral content of soybeans on an air-dried basis: potassium 1.9, 
sodium 0.3, calcium 0.2, magnesium 0.2, phosphorus 0.6, sulfur 0.4, 
and chlorine 0.02. Sherman, Elvehjem, and Hart (32) found that of 
the 0.01% of iron present in roasted soybeans 80% was available to 
the animal organism. 

In this country soybeans are used mostly for animal feeds, and only 
small amounts are consumed as human food. Because of the high 
nutritive value, attempts are being made to adapt them to the American 
diet. 

In the Orient soybeans have served as the sustaining food for 
centuries and have long been favored as ‘‘poor man’s meat.’’ In these 
countries they are consumed chiefly in the form of soymilk and soybean 
curd. Soymilk is a water extraction from soybeans, similar in com- 
position and appearance to cow’s milk, and the curd, produced by 
precipitating the protein from soymilk, has a texture somewhat like 
cream cheese. 

Despite the fact that considerable work has been done on the 
nutritive value of soybeans, relatively little has been reported on 
soymilk and curd. The purpose of this paper was twofold: (1) to 
compare the biological value of the protein of the soymilk and curd 
with that of the original bean and whole milk powder and (2) to 
determine the vitamin, mineral, and amino acid content of these 
products. 


Part I. Biological Value of Soybean Products 


Cahill et al. (8) worked on human adults and found that soymilk 
was utilized for maintenance as well as cooked soybeans. Cheng (9) 
using the nitrogen-balance method with puppies observed that the 
biological value of soybean curd was only 70% as efficient as that of 
the raw bean. His results indicated that the value of the protein in 
the raw and cooked bean was about the same; a finding contrary to 
that of many workers. Desikachar (12) compared the biological 
value of soymilk protein with cow’s milk and found that the former was 
about 90% as efficient as the latter. 

In the present work rats were used to compare the protein efficiency 
of soymilk and curd with cooked bean and whole milk powder by the 
growth and nitrogen retention method. 
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Materials and Methods 


Preparation of Soymilk and Soybean Curd. Mature, air-dry, Funk 
Delicious soybeans were used for all experiments. The milk was pre- 
pared according to the traditional methods used in China. The beans 
were soaked with four volumes of water overnight at room tempera- 
ture (22°C.); they absorbed about one and one-half volumes of water. 
They were drained and ground. <A quantity of water equivalent to 
four and one-half times the weight of the original dry bean was added 
and the mixture heated to 95°C. Milk was then obtained by filtering 
through a double thickness of cheese cloth. 

The method of preparation used in France as described by Chin 
(10) was also tried, but the results were not as satisfactory. Since 
the bean was ground without previous soaking in this case, it was 
brittle and broke into particles of various sizes, some of which passed 
through the cheese cloth during filtration and a suspension instead of 
an emulsion resulted. Grinding the soaked bean produced flakes 
rather than powdery particles. Proximate analyses were carried out 
on the soybeans and the products (Table 1). 


TABLE I 
COMPOSITION OF SOYBEANS, MILK, AND CuRD 
Soymilk Soybean curd Soybean 
Constituents 
Wet Moisture- Wet Moisture- Wet Moisture- 
basis free basis basis free basis basis free basis 
% % % % % % 
Moisture 91.0 76.5 5.3 
Protein! 4.4 48.4 15.0 63.7 41.4 43.7 
Fat (ether extract) LZ 19.0 7.1 30.0 21.0 22.2 
Ash 0.5 aa 0.9 3.6 4.6 4.9 
Carbohydrate (by 
difference ) 2.4 26.9 0.6 a3 27.6 29.2 


! Calculated using a factor of 6.25. 


Animal Assay. Soymilk powder, soy curd, and soybeans were 
studied. “The soymilk powder was prepared by drying the milk in an 
air spray dryer to powder form. The curd was frozen and dehydrated 
at 60°C. Since maximal biological value of soybean protein is ob- 
tained by autoclaving at 110°C. for 30 minutes (Evans and McGinnis, 
14), beans were treated at this temperature for this period of time. 
The autoclaved curd was prepared in a similar manner. All dried 
products were ground, then analyzed for moisture and nitrogen using 
the Kjeldahl-Gunning-Arnold method (3). The quantity of each 
required to furnish a protein level (N X 6.25) of 10% was used in 


j 
| 
4 
he, 
ae 
ile 
i 


300 BIOLOGICAL VALUE OF SOYMILK AND CURD Vol. 26 


making the diets (Table II). Due to a high methionine content, 
sesame seed was added as a supplement to the autoclaved bean and 
curd diets. A diet containing whole milk powder at a 10% protein 
level was the standard for comparison. 


TABLE II 
COMPOSITION OF DIETS 

Autoclaved| Curd 

Ingredients Soy milk Soy bean yb s 
powder powder soy bean curd curd = pan wy 

% % % % % % % 

Whole milk powder 37.5 — — — — — — 

Soymilk powder — 23.2 — 

Autoclaved soybean 26.6 — 17.7 — 
Dried soybean curd — — — 17.9 — — 12.0 

Autoclaved curd — — 17.9 
Sesame meal — 7.1 7.1 
Starch 60.0 68.6 66.5 74.8 74.9 68.9 74.4 
Hydrogenated fat — 5.7 4.4 4.8 4.7 3.8 4.0 
Hubbell salts! 2.5 2.5 2.5 Fa aa 2.5 2.5 


1 Hubbell et al. (20). 


Three times a week each rat received as a supplement 1 ml. of a 
vitamin solution containing thiamine hydrochloride 50 yug., nicotinic 
acid 580 ug., inositol 130 ywg., choline hydrochloride 20 mg., riboflavin 
50 ug., pyridoxine 50 yg., calcium pantothenate 50 yug., p-aminobenzoic 
acid 250 ug., and 14 ml. of a fat-soluble vitamin solution containing 
vitamin A 1,000 I.U. and D 100 I.U., and mixed tocopherols 2 mg. 
per ml. 

Young albino rats, 28 to 31 days of age, were selected and paired 
as to sex and size into seven groups. ‘They were housed in individual 
cages, weighed three times weekly, and fed ad libitum. Trials were 
run for 5 weeks. 

At the conclusion of the experiment animals were killed, the gastro- 
intestinal tract removed, and the carcass digested in 9% hydrochloric 
acid over a steam bath for 48 hours. The digest was homogenized in 
a Waring Blendor, made to volume and nitrogen determined on 
aliquots. Nitrogen storage was obtained by subtracting the nitrogen 
content of a comparable group analyzed at the beginning of the experi- 
ment from that of the experimental group. 


Results 


Growth studies are summarized in Table III and protein retention 
in Table IV; a statistical comparison of the figures is shown in Table V. 
Animals on the soymilk diet ate more than those receiving whole 
milk powder and as a consequence a significantly higher gain resulted. 
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TABLE III 
GRowTH RESPONSE ON Diets USED TO DETERMINE 
BIOLOGICAL VALUE OF SOYBEAN PRODUCTS 
Aver Av A 
ets ina daily per total gain gram of eens for | efficiency 
rat protein gram o! gain 
g. g. g. g. 
Whole milk powder 8 10.5 77.143.6 | 2.30+0.067| 4.80+0.127; 100 
Soymilk powder 8 12.4 95.1+6.9 | 1.88+0.07 | 4.64+0.17 82 
Autoclaved soybean 8 11.8 | 80.943.2 | 1.7340.05 | 5.13+0.13 75 
Soybean curd 8 10.7) | 71.0+4.4 | 1.73+0.05 | 5.31+0.16 75 
Autoclaved soybean 
curd 8 9.9 61.8+5.1 | 1.59+0.09 | 5.77+6.34 69 
Autoclaved soybean 
+ sesame 8 12.0 99.847.7 | 2.17+0.09 | 4.34+0.23 94 
Soybean curd + 
sesame seed 8 11.3 91.0+5.8 | 2.10+0.10 | 4.45+0.25 91 


1 Calculated from protein efficiency of each diet using whole milk powder as 100, 
2 Standard error. 


However, the protein efficiency of the whole milk powder was higher 
than that of soymilk, bean, or curd; statistical analysis gave a ‘‘t’’ value 
of 4.6 for milk versus soymilk, 7.7 for milk versus soybean, and 7.5 
for milk versus curd; these differences are highly significant. The 
soymilk appeared to be slightly better in quality than the whole bean. 
Growth on the soymilk diet was significantly better than on the curd, 
but this was not true of the efficiency. The protein efficiency of the 
whole bean and curd was the same. Autoclaving did not improve the 
curd. Jones and Widness (21) report a protein efficiency of 2.64 for 
skim milk powder and Block and Mitchell (6) cite a figure of 2.8, 
values higher than the one secured in this study with whole milk 
powder. 


TABLE IV 


NITROGEN RETENTION ON Diets USED TO DETERMINE 
BIOLOGICAL VALUE OF SOYBEAN PRODUCTS 


Average 
N of Average 
Diets | | | 
nitrogen 
&. &. 
Whole milk powder 8 1.97+0.13? | 0.37+0.01? 100 
Soymilk powder 8 2.37+0.19 | 0.29+0.02 79 
Autoclaved soybean 8 1.99+0.01 | 0.27+0.01 73 
Soybean curd 8 1.80+0.10 | 0.27+0.01 73 
Autoclaved soybean curd 8 1.48+0.11 | 0.24+0.01 65 
Autoclaved soybean + sesame seed 8 2.60+0.18 | 0.36+0.02 97 
Soybean curd + sesame seed 8 2.44+0.12 | 0.35+0.01 95 


1 Calculated using whole milk powder as 100. 


2 Standard error. 
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TABLE V 


STATISTICAL COMPARISONS OF GROWTH AND NITROGEN 
RETENTION ON VARIOUS DIETS 


Weight gain Gram gain per | Total nitrogen pone hn 
(g.) gram protein retention (g.) gram nitrogen 
Diets compared 
Mean Mean Mean Mean 
differ- tl differ- t! differ- t! differ- 
ence ence ence ence 
Milk vs. soymilk 18.0 2.32* 0.42 4.61** 0.40 1.84 0.08 3.95** 
Milk vs. autoclaved soybean 3.8 0.79 0.57 7.70** 0.02 0.86 0.10 5.65** 
Milk vs. curd 6.1 1.07 0.57 7.50** 0.18 0.96 0.10 6.76** 
Soymilk vs. autoclaved 
p soybean 14.2 1.88 0.15 1.76 0.39 1.80 0.02 1.05 
Soymilk vs. curd 24.1 2.96** 0.15 1.70 0.58 2.71* 0.02 1.25 
Autoclaved soybean vs. 
curd 99 1.83 0.00 0.00 0.19 1.07 0.00 0.00 
Curd vs. autoclaved curd 9.2 1.37 0.14 1.31 0.31 1.69 0.03 2.66* 
Autoclaved soybean + 
sesame seed vs. auto- 
claved bean 18.9 2.27* 0.44 4.26** 0.62 2.89* 0.09 4.68** 
Curd + sesame vs. curd 20.0 2.74* 0.37 3.59** 0.64 3.43** 0.08 5.12** 
Milk vs. autoclaved soy- 
bean + sesame 22.7 2.67* 0.13 1.20 0.63 2.94* 0.01 0.49 
Milk vs. curd + sesame 13.9 2.04 0.20 1.64 0.47 3.83** 0.01 1.19 


! Calculated from Fisher's formula (Snedecor, 33). 


The addition of sesame seed to both autoclaved soybean and curd 
increased growth but not protein efficiency above that obtained on 


milk powder. 

In general, the correlation between values resulting from growth, 
protein efficiency, and nitrogen retention was good with the exception 
that soymilk produced significantly greater growth than milk powder, 
but both the efficiency and nitrogen retention were significantly lower. 


Part II. Vitamin Mineral and Amino Acid Content 
of Soybean Products 


With the exception of the work of Miller (26) on the thiamine 
content of soybean curd, few references are found in the literature on 
this subject. According to his report only 20% of the thiamine in the 
bean was retained in the curd. Since soybeans are considered rich 
sources of B vitamins—thiamine, riboflavin, and nicotinic acid—re- 
tention in the milk and curd was investigated. 

No information on the mineral content of soybean products was 
found. Because the content of phosphorus, calcium, and iron in 
soybeans is high, investigation of the retention of these nutrients in 
soymilk and curd was considered desirable. 

Soybean and the products were analyzed for methionine since 
various workers have demonstrated that the amount of this amino 
acid limits the biological value of soybean protein. 
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Materials and Methods 


Thiamine was determined by the method of Conner and Straub (11) 
modified to include extraction of the samples with isobutyl alcohol 
to remove nonthiochrome fluorescing materials (Harris and Wang, 17). 
The method of Peterson, Brady, and Shaw (30) was used for riboflavin, 
modified by the use of 0.1 N sulfuric acid for extraction of the samples. 
Nicotinic acid was determined by microbiological assay employing a 
dehydrated medium prepared by a commercial laboratory.‘ Sodium 
hydroxide was used for extraction of the sample as described by Teply, 
Strong, and Elvehjem (35). 

Minerals were determined on the dry sample by wet ashing with 
perchloric acid according to the method of Gerritz (16). Calcium was 
determined by ceric sulfate titration using the method of Kirk and 
Schmidt (23) with the modification of Kirk and Moberg (22). Fiske 
and Subbarow’s colorimetric method (15) was employed for the deter- 
mination of phosphorus. Iron was analyzed by the colorimetric 
method of Koenig and Johnson (24). 

Methionine was assayed by two methods: the differential oxidation 
method of Evans (13), and the microbiological method of Henderson 
and Snell (19). Using the Evans procedure, some methionine ap- 
parently is oxidized along with the cystine during nitric acid digestion, 
resulting in low recovery for the former (90%) and high for the latter 
(110%); accordingly this digestion period was cut from 24 to 16 hours. 

For microbiological assay, samples were prepared by hydrolyzing 
with 2 N hydrochloric acid in the autoclave at 15 lb. pressure for 5 
hours. Longer treatment did not release more of the amino acids but 
resulted in some destruction. Henderson and Snell’s medium was em- 
ployed with the following modifications: 100 times as much folic acid 
was added to the medium in order to increase the acid production to a 
maximum at high levels of methionine when Leuconostoc mesenteroides 
was used as the assay organism and DL-glutamic acid was used instead 
of the L-isomer because the latter was found to contain traces of 
methionine which interfered with the determination. When these 
changes were employed, smooth standard curves with low blanks and 
high acid production were obtained repeatedly with Leuconostoc 
mesenteroides P-604 and Lactobacillus arabinosus 17-5'. 


Results 
The results of vitamin, mineral, and amino acid analyses in the 
soybean and its products are shown in Tables VI, VII, and VIII. 
The retention of minerals and vitamins in these samples was com- 
pared on a moisture- and fat-free basis. 
‘ Difco Laboratories, Inc., Detroit, Michigan. 
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TABLE VI 


THIAMINE, RIBOFLAVIN, AND NICOTINIC ACID 
CONTENT OF SOYBEAN, MILK, AND CurRD! 


BIOLOGICAL VALUE OF SOYMILK AND CURD 


Vol. 26 


Moisture-free basis Moisture- and fat-free basis 
ug/g. ug./g. 
Products 
Thiamine | Riboflavin | Nicotinic | phiamine | Riboflavin | Nicotinic 
Soybean (raw) 8.7 3.2 15.9 11.3 4.1 21.0 
Soymilk 11.8 4.6 29.0 14.8 6.1 35.0 
Soybean curd 3.9 3.7 5.5 6.6 5.0 6.0 
1 Average of duplicate determinations. 
TABLE VII 


Ca.LciuM, IRON, AND PHOSPHORUS CONTENT OF 
SoyBEAN, MILK, AND CURD 


Moisture-free basis 


Moisture- and fat-free basis 


0 
Products - 
Calcium Iron Phosphorus | Calcium Iron Phosphorus 

Soybean (raw) 0.205 | 0.0078 0.57 0.263 | 0.0100 0.73 
Soymilk! 0.195 | 0.0072 0.65 0.241 | 0.0089 0.80 
Soybean curd! 0.241 | 0.0105 0.80 0.344 | 0.0150 1.07 

(MgCl, precipitated ) 
Soybean curd 0.690 — — 0.990 

(CaCl, precipitated ) 


1 Analyses on soymilk and curd were run on pooled samples from several preparations. 


TABLE VIII 


METHIONINE AND CYSTINE CONTENT OF PROTEIN OF 
SoYBEAN, MILK, AND CuRD 


Differential oxidation method! 


Microbiological method! 


Methionine? 


Products 
Methionine? Cystine? Organism employed 
Leuconostoc Lactobacillus 
mesenteroides arabinosus 
% % % % 

Soybean (raw) 1.14 1.83 1.14 0.78 

Soymilk 1.36 2.32 1.16 0.85 

Curd 1.22 1.19 1.05 0.77 

Sesame seed 3.35 2.74 a —_— 


1 Calculated to 16% nitrogen. d 
? Average value of duplicate determinations. 


Higher concentrations of the three vitamins were found in the soy- 
milk. This could be anticipated due to their solubility in water. 
Only about one-half of the thiamine and one-fourth of the nicotinic 
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acid were retained in soybean curd. Probably these were lost by 
solution when the curd was separated from the whey. The riboflavin 
content was equivalent to’ that of the original bean. 

The mineral content in soymilk was comparable to that of the bean, 
whereas higher concentrations of calcium, iron, and phosphorus were 
found in the curd. Since the dairy industry is not well developed in 
China, the adequacy of calcium in the diet has been considered one 
problem in the nutrition of the Chinese. In order to introduce more 
calcium, an effort was made to enrich the curd with this mineral. The 
soymilk was precipitated with a solution of calcium sulfate or chloride 
instead of magnesium salt. The resulting products apparently were 
not different in texture and taste, while the calcium content was raised 
from 0.24 to 0.69 g. per 100 g. Schroeder, Cahill, and Smith (31) 
reported that calcium from soymilk is 80% as available for human 
utilization as the calcium in cow’s milk. The use of soybean curd 
precipitated by a calcium salt should be helpful in increasing the 
amount of this mineral in the Chinese diet. 

The methionine content of soybean products as determined by the 
differential oxidation method agreed fairly well with the microbiological 
assay using Leuconostoc mesenteroides, but was higher than results 
obtained by using Lactobacillus arabinosus. High concentrations of 
sodium chloride resulting from the neutralization of hydrochloric acid 
used for digestion were not responsible for this difference. When 
casein was assayed for methionine using Lactobactllus arabinosus, low 
results were again obtained. From these findings the conclusion may 
be drawn that the use of Leuconostoc mesenteroides is preferable for 
methionine assays. 
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EFFECT OF BISULFITE, ACETALDEHYDE, AND SIMILAR 
REAGENTS ON THE PHYSICAL PROPERTIES 
OF DOUGH AND GLUTEN! 


I. HLYNKA 


ABSTRACT 


Small amounts of sodium bisulfite produce a soft, sticky, and inelastic 
gluten; larger amounts destroy the gluten-yielding property of dough. 
- Acetaldehyde can prevent bisulfite from affecting the gluten when the two 
reagents are incorporated simultaneously into dough, but it can also counter- 
act existing effects in bisulfite-treated gluten. By means of bisulfite-ace- 
taldehyde treatment some inferior dried glutens, which could not be recon- 
stituted with water alone, were reconstituted to glutens of reasonably good 
physical quality. A large number of common reducing agents were found 
ineffective in producing in dough an effect similar to that of bisulfite. Bi- 
sulfite-like reactions were produced with cysteine, glutathione, and sulfide. 
But various differences occurred in effects of the reagents on gluten, and in 
the modification of effects caused by acetaldehyde. The results are dis- 
cussed from the point of view of dissociation and formation of cross-linkages 
in a three-dimensional network of gluten. Either the disulfide may provide 
the necessary cross-linkages or carbonyl compounds may act as cross-linking 
agents between protein molecules. 


Although elasticity is one of the basic and most characteristic 
properties of dough and gluten, our knowledge of its structural basis is 
meager. We know that the requisites for elasticity in polymers are, 
first, a long chain, and second, cross-linkages joining the linear polymer 
chains at intervals to form a three-dimensional network. The gluten 
proteins in dough undoubtedly provide the linear polymer in the 
polypeptide structure. However, little experimental evidence exists 
as to the identity of the cross-linkages, although the disulfide linkages 
are assumed to be involved (5, 11). 

The most pertinent work on the disulfide cross-linkages in proteins 
has come from the laboratories of the Wool Industries Research Asso- 
ciation (3). It has been shown that overnight treatment of wool with 
bisulfite (usually 13%), at room temperature, breaks the disulfide 
linkage to form a free thiol group (R-SH) and perhaps an unstable 
sulfenic acid (R-SOH) which adds sulfite to from cysteinyl S-sulfonate 
(RSSO,ONa). Lindley (7) treated gliadin with a 25% sodium sulfite 


1 Manuscript received December 30, 1948. 
Paper No. 96 of the Grain Research Laboratory, Board of Grain Commissioners for Canada, 
Winnipeg, Manitoba, and No. 266 of the Associate Committee on Grain Research (Canada). 
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solution at room temperature overnight and obtained a fractionation 
similar to that for wool. 

An alternate possibility is suggested by the work of Fraenkel-Con- 
rat and Olcott (4) which showed that aldehydes can act as cross-linking 
agents between amide, amino, and guanidyl groups, on the one hand, 
and ammonia, primary amines, and amino acids, on the other. Gliadin 
treated with formaldehyde was found to bind large amounts of am- 
monia, amines, and amino acids. This information becomes more 
significant when considered together with the well-known tendency of 
carbohydrates to react, through the carbonyl group, with proteins in 
the so-called browning reaction. In other words, reducing carbohy- 
drates may conceivably act as cross-linking agents in dough. 

If it is assumed that the structural basis of elasticity in dough re- 
lates to cross-linkages between protein chains, it may be inferred that 
reagents that change the elasticity do so either by establishing or dis- 
sociating cross-linkages, or by splitting protein chains, i.e., by affecting 
protease activity. On these grounds, the chemists’ chief problem ap- 
pears to be that of elaborating hypotheses at the molecular level which 
are consistent with observations made on the properties of the dough 
and on the changes in these properties caused by certain reagents. 
Among the more interesting reagents that affect dough properties are 
bisulfite and acetaldehyde. Small amounts of bisulfite produce a 
soft, sticky, and inelastic dough; acetaldehyde reverses the effect 
produced with bisulfite. The influence of these and other closely re- 
lated reagents on dough and gluten is described in this paper and dis- 
cussed in terms of hypotheses relating to the molecular reactions that 
may be involved. 

Methods and Results 


The Effect of Bisulfite and Acetaldehyde on Dough and Gluten. 
Small amounts of bisulfite markedly modify the elasticity of dough and 
gluten and the behavior of dough in the gluten-washing process. 
Changes in these properties were therefore used in assessing the effect 
of adding bisulfite and acetaldehyde to dough or gluten. 

Gluten-washing experiments according to the A.O.A.C. method 
(1) were carried out on a casual sample of flour in which 10 mg. sodium 
bisulfite per 25 g. flour were incorporated into the dough. This 
amount of bisulfite was sufficient to destroy the gluten-yielding prop- 
erty of dough when washed in the usual way by hand; i.e., no elastomer 
was formed. In parallel experiments in which various amounts of 
acetaldehyde solution were added simultaneously with bisulfite, 
elastic gluten was readily obtained. The minimum amount of acetal- 
dehyde required to prevent the action of 10 mg. bisulfite in dough was 
approximately 10 mg. Ona mole-equivalent basis the ratio is 2.4 to 1. 
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Variations of the above experiments showed that soft, sticky, and 
inelastic gluten could be obtained by washing bisulfite-treated dough in 
a beaker with a stirring rod under a stream of cold water. This gluten 
completely recovered its normal handling characteristics and elasticity 
upon resting for an hour or two in water containing acetaldehyde up to 
0.5%. Again, good gluten obtained in a normal way deteriorated 
rapidly in quality when placed in a solution of bisulfite, but recovered 
when subsequently placed in an acetaldehyde solution. Alone, 
acetaldehyde had a slightly toughening effect on gluten. The various 
reactions could be speeded up either by working the gluten with a 
stirring rod or by pinching off small pieces into a solution containing 
the reagent. Moreover, the effects of successive treatments with bi- 
sulfite and acetaldehyde have been demonstrated several times on the 
same sample of gluten. 

Thus, acetaldehyde not only prevents bisulfite from affecting 
gluten when the two reagents are incorporated simultaneously into 
dough, but it also counteracts effects already caused by bisulfite. This 
observation was sufficiently new and interesting in itself to warrant 
further exploration. In addition, through the mechanism of the bi- 
sulfite and acetaldehyde reactions, information was sought on the 
identity of the cross-linkages which are responsible for the elastic 
property of dough and gluten. 

Bisulfite and Acetaldehyde Experiments with Deteriorated Gluten. 
Treatment with bisulfite and acetaldehyde produced unusual results 
with samples of dried gluten which had deteriorated with age. Several 
preparations of varying quality and history were treated as follows: 
Five-gram amounts were reconstituted with water and allowed to rest 
for one hour. They were then treated for one hour with bisulfite 
alone, or with acetaldehyde alone. In addition, some samples were 
treated with bisulfite and one hour later with acetaldehyde and ex- 
amined at the‘end of another hour. All samples were worked several 
times during the course of the treatments. The amounts of reagents 
were 1 ml. of a solution containing 5 mg. bisulfite per ml. and 2 ml. of 
5% acetaldehyde solution. Results shown below were selected for 
greatest response to the bisulfite-acetaldehyde treatment; data on 
samples showing no response are omitted. Zero rating was assigned 
to gluten which formed only a “mush” and +++ to good, elastic 
gluten. 


Treatment 
Gluten 
No. Water Bisulfite Acetaldehyde  Bisulfite-acetaldehyde 
1 0 0 + +++ 
2 0 + + + 


3 0 + + we 
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It is remarkable that glutens which rated zero when reconstituted 
with water alone were brought to a +++ rating with the bisulfite- 
acetaldehyde treatment. This improvement, however, was not per- 
manent and the glutens reverted to their impaired condition on 
continued washing under the tap. 

The Effect of Reagents Possessing Action Similar to Bisulfite and 
Acetaldehyde. Substances containing the sulfhydryl group have been 
shown to affect dough and gluten in a way similar to bisulfite (2, 7, 10, 
11). Preliminary comparative experiments were carried out with 
cysteine, glutathione, and sodium sulfide, and the combined effects 
of acetaldehyde and each of these reagents were also determined. 

When 25 mg. of cysteine hydrochloride were incorporated into 
dough (25 g. flour) no gluten could be recovered by the usual washing 
procedure. With smaller concentrations, sticky, soft, and inelastic 
gluten was obtained. This gluten, however, showed some improve- 
ment in physical properties with continued washing (an effect which 
was not apparent with bisulfite-treated gluten). The action of 
cysteine was inhibited by simultaneous addition of acetaldehyde. 

When normal gluten from 25 g. flour was placed in 75 ml. water con- 
taining 25 mg. cysteine hydrochloride, its surface soon became gelati- 
nous. After several hours, the gluten became soft, inelastic, and sticky. 
This impaired gluten recovered its physical properties when subse- 
quently placed in water containing 1 ml. of 10% acetaldehyde solu- 
tion. A slight improvement was also obtained in water alone. 

Similar experiments were made with glutathione. Increments up 
to 40 mg. were incorporated with 25 g. flour into dough. Reduced 
yields of impaired and sticky gluten were obtained. This, like cys- 
teine-treated gluten, showed a slight improvement on prolonged wash- 
ing. However, addition of acetaldehyde simultaneously with gluta- 
thione gave no recovery of gluten by washing; in this respect gluta- 
thione is dissimilar to cysteine. 

Gluten placed into 75 ml. water containing 40 mg. glutathione 
became slippery and glutinous on the surface and after several hours 
became soft, inelastic, and sticky. This impaired gluten showed slight 
recovery in water but disintegrated rapidly in dilute solutions of 
acetaldehyde. Here, again, glutathione is dissimilar to cysteine. 

Disintegration was also noted in comparative experiments with 
papain in which greater destruction was obtained in doughs containing 
acetaldehyde and papain than in those containing papain alone. 

Sodium sulfide was required in relatively large amounts to produce 
effects similar to those of cysteine and glutathione. Dough made from 
25 g. of flour with 150 mg. of sodium sulfide still gave recovery of a 
weakened gluten, which seemed to improve with washing. When small 
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pieces of normal gluten were pinched off into a 1% buffered solution of 
sodium sulfide, the gluten became very slippery, a great deal seemed to 
disperse, and only a small amount of inelastic, sticky gluten could be 
gathered together. This impaired gluten recovered almost entirely 
in acetaldehyde solutions, but only slightly, if at all, in water. 

The effect on bisulfite-treated dough and gluten of several sub- 
stances which were expected to have the same action as acetaldehyde 
was also ascertained. Formaldehyde, acetone, glucose, and wheat 
starch were found to possess some activity in preventing or reversing 
the effect of bisulfite on gluten. Acetaldehyde was approximately 
twice as active as formaldehyde and about 100 times as active as ace- 
tone when these reagents were incorporated into dough simultaneously 
with bisulfite. A small positive effect was also noted with glucose and 
wheat starch when they were first worked into bisulfite-impaired 
gluten and then washed out again. 

The Action of Reducing Agents. Because the effect of bisulfite, 
cysteine, glutathione, and. sulfide has been attributed to their reducing 
action (8, 10, 11), a number of other reducing agents were studied. 
The destruction of gluten-yielding ability of dough in the gluten-wash- 
ing test already described was used as the basis of comparison. The 
reducing agents listed were tried in equimolar, 5 times, and 25 times 
the molar concentration of bisulfite required to destroy gluten in the 
gluten-washing test. 

The following chemicals did not produce a similar effect to that of 
bisulfite as judged by the gluten-washing test. The gluten could be 
washed out normally; but at higher concentrations of some reagents, 
a short, harsh texture, rather than a soft, pliable, and smooth one, was 
obtained. 


ascorbic acid hydroquinone 
calcium metal mercurous chloride 

(50 mg./25 g. flour) neutral red 
cuprous chloride potassium ferrocyanide 
ferrous ammonium sulfate pyrogallic acid 
ferrous chloride sodium thiosulfate 
ferrous sulfate stannous chloride 


Those chemicals which had a strong acid reaction, such as ascorbic 
acid and stannous chloride, were used in 15 ml. of phosphate buffer 
solution with which the dough was made up. Others were used in 
aqueous solutions. 

A few values for standard oxidation-reduction potentials show that 
strongly reducing substances are included in the above list. For ex- 
ample, mercurous-mercuric system has an E, value of —0.92 volts; 
ferrous-ferric, —0.74 volts; ferrocyanide-ferricyanide, —0.49 volts; 
and stannous-stannic, —0.13 volts. Since a variety of reducing agents 
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have no effect on gluten, the effect of bisulfite appears to involve some 


more specific reaction than mere reduction. 
Farinograms and Extensograms on Doughs Treated with Bisulfite and 


The criteria so far used in assessing the effects of vari- 


Acetaldehyde. 
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ous reagents on dough and gluten involve subjective judgments which 
are not very precise. Accordingly, several experiments were carried 
out on the farinograph and extensograph which are capable of yielding 
data that are more precise and objective, though still empirical. Un- 
fortunately, since it was not experimentally feasible to add acetalde- 
hyde to the doughs after they were formed, no tests were conducted to 
show that the effect of bisulfite could be reversed with acetaldehyde. 
Experiments were therefore confined to tests in which the action of 
bisulfite in dough was merely prevented by thé simultaneous addition 
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Fig. 2. Extensograms showing the effect of bisulfite and acetaldehyde 
on dough: B = bisulfite, A = acetaldehyde in mg.%. 


of acetaldehyde. It should also be borne in mind that the farinograph 
and the extensograph measure physical properties of dough. There- 
fore, the results obtained previously in tests which depend on the 
gluten-yielding ability of dough when washed, and on the physical 
properties of gluten obtained, are not necessarily comparable with 
farinogram and extensogram results. 

The effect of bisulfite and acetaldehyde on the physical properties of 
dough is shown by farinograms in Fig. 1. The strength of the flour 
represented by farinogram 1 is reduced successively by the effects of 
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2.5 and 5.0 mg.% bisulfite shown by farinograms 3 and 4. Farinogram 
4 is typical of a flowy but inelastic dough such as is obtained from a 
soft wheat flour. Now, although acetaldehyde alone has no appreci- 
able effect on the dough, as shown by farinogram 2, it can nullify the 
effect of bisulfite when the two reagents are added simultaneously; 
farinogram 5 in which the dough was treated with 5 mg.% bisulfite 
plus 5 mg.% acetaldehyde is approximately the same as farinogram 3 
in which the dough contained only 2.5 mg.% bisulfite. From this 
comparison it may be estimated that approximately 4 moles of acetal- 
dehyde is equivalent to 1 mole of bisulfite. This equivalence ratio is 
higher but of the same order of magnitude as that obtained by the 
gluten-washing technique. Farinograms 7 and 8 show practically 
complete inhibition of the bisulfite effect by acetaldehyde; the dough 
retained normal elasticity and handling characteristics. 

Extensograms were also made with the same concentration of 
reagents as for farinograms. These are shown in Fig. 2. Resistance 
to extension, represented by the height of the extensogram, is reduced 
from 450 units to 200 and 100 units for the 2.5 and 5.0 mg.% bisulfite 
levels. Extensogram 4 is typical of extensible but inelastic dough, 
characteristic of soft wheat flour. Curve 7 shows that the action of 
5 mg.% bisulfite has been prevented with 20 mg.% acetaldehyde. 
Curves 2 and 8 show that acetaldehyde has a small positive effect in 
increasing the resistance of dough to extension. It is interesting to 
point out also that practically no change in extensibility of the dough 
took place in the bisulfite and acetaldehyde treatments. 


Discussion 


The foregoing data establish that the damage from bisulfite action 
to gluten can be reversed with acetaldehyde, although these com- 
pounds do not form an oxidation-reduction system. Subsidiary to this 
finding is that only a restricted group of reducing agents have a bi- 
sulfite-like effect on dough, and that there are differences in action 
among bisulfite, cysteine, glutathione, and sodium sulfide. These 
topics will be briefly discussed, and their relation to hypotheses about 
cross-linkages as the structural basis of elasticity in dough and gluten 
will be indicated. 

Firstly, the reversibility of bisulfite damage in gluten does not 
appear to be consistent with the hypothesis that proteolysis is in- 
volved, as has been suggested by J¢@rgensen (6) and by Balls and Hale 
(2). Secondly, the effect of bisulfite on gluten cannot be adequately 
explained in general terms of oxidation-reduction, since the bisulfite 
and acetaldehyde used in our studies do not constitute an oxidation- 
reduction system. This also follows from the finding that many re- 
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ducing agents do not have a bisulfite-like effect on dough. It appears 
that the effect is restricted to bisulfite, sulfhydryl compounds, and per- 
haps cyanide. 

Certain differences in the effects on gluten produced by bisulfite, 
cysteine, glutathione, and sulfide suggest that more than one reaction 
is involved. Bisulfite produces a characteristically weak and very 
sticky gluten; sulfide produces gluten with a slippery gelatinous sur- 
face; and the remaining compounds produce effects intermediate be- 
tween these two. The effect of acetaldehyde on glutens treated with 
different reagents also shows great differences. Acetaldehyde counter- 
acts or reverses the effects of bisulfite, cysteine, and sulfide, but not 
those of glutathione or papain, with which a different reaction comes into 
prominence. At very small concentrations, acetaldehyde may partly 
reverse glutathione damage in gluten, but this reaction is obscured by 
a disintegrating action which becomes pronounced at concentrations 
of approximately 0.5%. Acetaldehyde has also a strong disintegrat- 
ing effect on papain-treated gluten. Proteolytic mechanism for the 
effect of glutathione on gluten is therefore not excluded. Finally, 
there is a difference in reactivity of the different reagents. On a mole- 
equivalent basis, bisulfite is the most effective, followed by cysteine 
and glutathione, with sodium sulfide very much less effective. 

We now come to an interpretation of these summarized findings in 
terms of the hypotheses set out in the beginning. So far it has been 
indicated that the loss of characteristic elasticity when gluten is treated 
with bisulfite cannot be explained on the basis of proteolysis. It has 
also been suggested that more than one reaction is involved in the 
action of bisulfite, cysteine, glutathione, and sulfide on gluten. Let us 
now consider to what extent these reactions can be identified. 

Elsworth and Phillips (3) definitely showed that bisulfite dis- 
sociates disulfide linkages in wool. Patterson et al. (9) pointed out that 
wool is also susceptible to sulfhydryl compounds, sulfide, and cyanide, 
the same group to which gluten is susceptible. It may be inferred 
from studies on wool and from similar experiments on gliadin (7) that 
the action of bisulfite on gluten is on the disulfide linkages, and from 
the reported data on reducing agents that this reaction is disulfide 
fission rather than an oxidation-reduction reaction. Acetaldehyde 
thus appears to prevent or reverse the reaction by binding the bi- 
sulfite and removing it from the reacting system. Changes in elastic 
properties may thus be explained by fission and reconstitution of the 
disulfide cross-linkages. On this basis, a definite correlation would be 
expected between disulfide content of gluten and its elastic properties. 
No publication establishing that such a correlation exists has come to 
the author’s attention. 
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The alternate or additional possibility of forming cross-linkages 
between carbonyl groups of reducing carbohydrates, on the one hand, 
and amine, amide, and guanidyl groups of proteins, on the other, must 
also be examined. It may not be altogether co-incidental that com- 
pounds possessing a bisulfite-like effect are also characterized by their 
ability of adding to carbonyl groups. They could thus free protein 
from combination in a protein carbohydrate-protein complex. Again, 
acetaldehyde would simply remove bisulfite from the reacting system 
by forming an addition compound with it. It is interesting in this 
connection that bisulfite, which is the most effective compound in 
preventing browning reaction between carbohydrates and proteins, is 
also most effective in its action on gluten properties. It is realized, 
of course, that the effectiveness of bisulfite in preventing browning 
reaction can be explained in other ways, but the above observation is 
none the less suggestive. 

At this stage, there is insufficient evidence to exclude either theory 
of cross-linkages in gluten. It is likely that both play a part. Future 
work, however, may eventually determine the part that these or other 
reactions play in the changes that occur in the physical properties of 
dough. 
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EFFECT OF COMMERCIAL FERTILIZERS AND 
GREEN MANURE ON YIELD AND 
NUTRITIVE VALUE OF WHEAT! 


I, NUTRITIVE VALUE WITH RESPECT TO TOTAL 
PHOSPHORUS, PHYTIC PHOSPHORUS, 
NONPHYTIC PHOSPHORUS, AND 
CALCIUM CONTENT OF 
THE GRAIN 


G. S. Barns? 
ABSTRACT 


Studies were made on the effect of potassium nitrate, superphosphate, 
and superphosphate plus ammonium sulfate in doses of 25 Ib. phosphoric 
acid (P2O;) and 60 lb. nitrogen per acre with and without green manure on 
the yield and nutritive value of wheat. The phosphatic treatments in- 
creased the yield by 38 to 48% over the control. As the phytic phosphorus 
was found to be positively correlated with calcium content (r = +0.74), the 
nonphytic phosphorus content was taken as the criterion of nutritive value. 
The percentage proportion of nonphytic phosphorus to total phosphorus 
ranged from 23.4% in grain of plots fertilized with superphosphate plus 
ammonium sulfate and green manure to 37.0% in grain of the plots treated 
with superphosphate plus green manure. The availability of phosphorus as 
determined by in vivo experiments, however, exceeded the corresponding 
nonphytic phosphorus values by 27 to 32%. 


The importance of calcium and phosphorus in nutrition is a well- 
recognized fact. The distribution of various minerals, inclusive of 
calcium and phosphorus, in plants, vegetables, and food grains and the 
effect of various factors, such as climate, irrigation, soil, and manures, 
on the composition of food products with particular reference to the 
total phosphorus and calcium content in grains has been investigated 
rather exhaustively. Greaves and Hirst (6) reported great variation 
in the calcium and phosphorus content of wheat grains due to differ- 
ences in variety, soil type, and irrigation. Murphy (17) observed 
that manuring with superphosphate increased the total phosphorus 
content of wheat. 

Observations of similar nature have also been reported in the case 
of forage crops. It is well known that phosphatic fertilizers cause a 
marked increase in the total phosphorus content of crops and plants 


1 Manuscript received December 15, 1948. 
? Punjab Agricultural College and Research Institute, Lyallpur, Pakistan. 
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grown on phosphate-deficient soils, but accurate information is lacking 
as to whether this increase is in organic or inorganic form and how such 
variations are associated with the calcium content of the grains. 
Numerous workers (3, 4, 10, 16, and 22) demonstrated the beneficial 
effect of green manuring in releasing and making available calcium and 
iron to the plants from the bound and unavailable forms. However, 
there is little information concerning the effect of green manure applied 
in conjunction with artificial fertilizers, especially those containing 
phosphorus, on the total phosphorus and calcium content of the 
grains; the effect of such a combination on calcium and on the various 
forms of phosphorus present in the grain has not been studied. 

Considerable literature is extant to show that estimations of cal- 
cium and phosphorus content of the grain may be an unreliable index 
of the value of grain as a source of these elements. 

There are a number of organic phosphorus compounds, such as 
phytin, phospholipids, hexose-phosphates, nucleic acid, and phospho- 
proteins, etc., which occur in plants and plant seeds. Of these, phytin 
is of considerable interest. Posternak (20) observed that phytin 
phosphorus constituted 70 to 90% of the total phosphorus of the wheat 
grain. His observations have been corroborated by the work of 
Andrews and Bailey (2), Knowles and Watkin (11), and Harris and 
Mosher (7), that some 40 to 70% of the total. phosphorus in cereal 
grains is present in the form of phytin. Recent investigations throw 
considerable light on the probable role of phytin in human nutrition. 
A comprehensive account of the nature and significance of this com- 
pound has been given by Harrison and Mellanby (8), who stated that 
phytic acid renders calcium unavailable. In a rachitogenic cereal, 
phytic acid immobilizes all or almost all of the calcium contained in the 
cereal by converting it into insoluble calcium phytate, which is not 
absorbed, while the excess over and above that required to precipitate 
the calcium of the cereals can exert an additional anticalcifying action 
by precipitating further amounts of the calcium from the noncereal 
part of the diet. This view fits in with the observations that the anti- 
calcifying effect of the cereals can be antagonized by feeding extra 
calcium. In some earlier investigations, Mellanby (13, 14) found that 
the addition of calcium salts, such as calcium carbonate and calcium 
phosphate, to a diet largely composed of oat meal reduces its rachito- 
genic effect. These results have since been confirmed by Mottram 
and Palmer (15, 18) by using calcium lactate. 

Cereals constitute a major portion of the diet of millions of people 
in India. The consumers, for want of adequate milk supply, mainly 
depend upon them for their requirements of essential minerals such as 
calcium and phosphorus. ‘The importance of cereals as the main source 
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of these elements assumes greater significance in view of the acute 
shortage of food grains in the country, especially when it is also known 
that a greater portion of the total phosphorus of the grain is present 
in the relatively unavailable phytic form. The extent to which com- 
mercial fertilizers in conjunction with green manure can increase yield 
and improve the nutritive value of wheat, which is one of the major 
food crops of the country, was, therefore, considered worth while to 
investigate. Besides recording yield data, determinations were made 
of the calcium, total phosphorus, and phytic and-nonphytic phosphorus 
content of the grain. Jn vivo studies have also been carried out to 
find out the influence of variations in the phosphorus content of the 
grain, due to fertilization, on the availability of this mineral by the 
‘balance sheet’’ method. 


Material and Methods 


The material employed in the present investigation consisted of 
wheat C 409 (1938-39) crop sown under field conditions and was ob- 
tained from the replicated plots of the four continuous randomized 
blocks of the manurial experiments underway at the Agricultural 
Experimental Station, Rawalpindi. This Experimental Station is 
situated in the northwest part of the Punjab, in a submountainous 
tract. The soil of this farm is deficient in available phosphates and 
shows a remarkable response to the application of phosphatic manures, 
especially superphosphate. Representative samples of wheat were 
collected from plots fertilized as shown in Table I. 

There were eight treatments, each in quadruplicate. The size of 
each plot was 1/40th of an acre. Representative samples were col- 
lected separately from all of these plots, and were freed from dust and 
foreign matter. The required quantities were ground to a uniformly 
fine meal, thoroughly mixed to obtain a homogeneous sample, and 


TABLE I 
AMOUNTS OF FERTILIZER APPLIED PER ACRE 
No. Fertilizer treatment 
1 Control (No manure) 0.0 0.0 0.0 
2 | Green manure (Cajanus indicus) 0.0 0.0 5.0 
3 Potassium nitrate | 60.0 0.0 0.0 
4 | Potassium nitrate, green manure | 60.0 0.0 5.0 
5 | Superphosphate 0.0 25.0 0.0 
6 | Superphosphate, g-een manure 0.0 25.0 5.0 
7 | Superphosphate, ammonium sulfate | 60.0 25.0 0.0 
8 | Superphosphate, ammonium sulfate, | 

green manure | 60.0 25.0 5.0 
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preserved in airtight bottles. The samples from each plot were 
analyzed for various chemical constituents. 

Total phosphorus was determined by the standard A.O.A.C. 
method of estimating phosphorus volumetrically. Phytic phosphorus 
was determined by the procedure of McCance and Widdowson (12) 
with the modification suggested by Snook (21). The modification 
consisted in using 2 ml. of concentrated sulfuric acid instead of a mix- 
ture of sulfuric acid and perchloric acid for the wet digestion of 
sodium phytate. Nonphytic phosphorus was obtained by subtract- 
ing the amount of phytic phosphorus from the total phosphorus. 

Calcium was estimated in accordance with the A.O.A.C. volumetric 
method involving precipitation as calcium oxalate and titration with 
standard potassium permanganate solution. 

In the in vivo studies, the technique based on the ‘“‘balance sheet”’ 
method as used by Henry and Kon (9) and Giri (5) was adopted. 
Five groups of young albino rats, weighing 60 to 70 g., each group 
having two males and two females, were placed in metabolism cages. 
The basic portion of the diet fed to the animals was composed of the 
following parts: dried egg white powder, 14; salt mixture (phosphorus 
and calcium-free), 3; powdered sugar, 10; coconut oil, 5; and cod liver 
oil, 3. In addition pure thiamine (37) was given daily along with the 
food. The cereal constituted 75% of the diet. The rats were fed 
with weighed quantities of the diets, which were in excess of the normal 
requirements of the different groups. The residues were collected 
daily and dried in an electric air oven at 100°C. After a preliminary 
period of 3 days, feces and urine were collected daily for a period of 14 
days. The urine of each group was mixed together, carefully con- 
centrated on a water bath, dried on a sand bath, and the phosphorus 
determined volumetrically after ashing a known amount. Similarly, 
dry feces voided by each group were mixed, powdered, and passed 
through a fine mesh sieve. A weighed amount, 10-12 g., was ashed in 
a platinum dish and the phosphorus in the ash determined volumetri- 
cally. 

Results and Discussion 


Effect of Fertilization on Yield. The mean yields of wheat grain 
obtained from plots given different fertilizer treatments are shown in 
Table II. The application of various fertilizers to plots sown with 
wheat appreciably enhanced the yield of grain in all cases. There is a 
marked increase (38-48%) in the yield of grain of plots receiving super- 
phosphate in various combinations as compared with the yield of grain 
from control plots. The addition of green manure along with the 
artificial fertilizers did not materially increase the yield above that 
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TABLE II 
EFFECT OF FERTILIZATION ON YIELD OF WHEAT 
Mean 
No. Fertilizer treatment yield per trons treatments, due to 
acre sneaten as per cent green 
per oaue of control manuring 
1b. lb. % % 
1 | Control (No manure) 664.0 
700.0, 100.0 +10.8 
2 | Green manure 736.0 
3 | Potassium nitrate 873.6 
831.6 118.8 — 9.6 
4 | Potassium nitrate, green manure 789.6 
5 | Superphosphate 992.0 
1038.0 148.2 + 9.3 
6 | Superphosphate, green manure 1084.0 
7 | Superphosphate, ammonium sul- 
fate 928.0 
970.0 138.2 + 91 
8 | Superphosphate, ammonium sul- 
fate, green manure 1012.0 


obtained with artificial fertilizers alone. While the yield was in- 
creased by about 9.1 to 10.8% by green manure in plots receiving 
fertilizer treatment Nos. 2, 6, and 8, they were lower by about 9.6% in 
the case of potassium nitrate applied with green manure. It may be 
that in the bacterial decomposition of green manure some of the 


nitrates might have been consumed. 


TABLE III 


EFFECT OF FERTILIZATION ON TOTAL PHOSPHORUS, PHYTIC PHOSPHORUS, 
NONPHYTIC PHOSPHORUS, AND CALCIUM CONTENT OF WHEAT 


(Analytical data expressed on moisture-free basis) 


Phosphorus per 100 g. 
Non- Phytic! Calcium 
No. Fertilizer treatment = phytic! P per 
| Total | Phytic | aoa P 100 g 
me. mg. meg. % még. 
1 | Control (No manure) 243.5 | 170.8) 72.7) 29.9 | 70.1 70.4 
2 | Green manure 272.2| 179.6| 92.6) 34.0 | 66.0 70.5 
| Potassium nitrate 243.6! 178.5) 65.1} 26.7 | 73.3 71.5 
4 | Potassium nitrate, green manure | 263.3 180.7| 82.6) 31.4 | 68.6 72.0 
5 | Superphosphate 276.7 191.7| 85.0| 30.7 | 69.3 | 71.2 
6 | Superphosphate, green manure 316.3 | 199.4 116.9| 37.0 | 63.0 | 73.8 
7 | Superphosphate, ammonium sul- 
fate 299.8 | 222.6| 77.2| 25.7 | 74.3 82.8 
8 | Superphosphate, ammonium sul- | 
fate, green manure 264.5 | 202.7| 61.8) 23.4 | 76.6 | 74.9 


! Phytic and nonphytic phosphorus as per cent of total phosphorus. 
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Effect of Fertilization on Chemical Composition of Grain. The re- 
sults of chemical analyses of the wheats are given in Table III. The 
total phosphorus and phytic phosphorus content of the grain obtained 
from plots to which superphosphate was applied in various combina- 
tions (treatment Nos. 5, 6 and 7, 8) was higher than the corresponding 
values of the grain obtained from control and potassium nitrate- 
treated plots considered together. The mean total and phytic phos- 
phorus of wheat obtained from plots receiving superphosphate (treat- 
ment Nos. 5, 6 and 7, 8) was 289.3 and 204.1 mg./100 g. as compared 
with 255.6 and 177.4 mg./100 g. for the grain from plots which did not 
receive superphosphate (treatment Nos. 1, 2 and 3, 4). The calcium 
content of wheat grain obtained from plots receiving phosphatic 
treatments, with the exception of treatment No. 5, was also higher than 
that of the grain from nonphosphatic treatments. Total phosphorus 
and nonphytic phosphorus content of the grain which received super- 
phosphate and green manure was the highest, i.e., 316.3 and 116.9 
mg./100 g., respectively, while the grain obtained from plots treated 
with superphosphate in conjunction with ammonium sulfate showed 
the highest content of phytic phosphorus and calcium, i.e., 222.6 and 
82.8 mg./100 g., respectively. 

The application of various fertilizers with green manure, with the 
exception of treatment No. 8, produced grain with comparatively high 
contents of calcium and total phosphorus (both phytic and nonphytic). 
The combination of green manure with superphosphate and ammonium 
sulfate, however, decreased these constituents in the grain. The 
readily available nonphytic phosphorus constituted 23.4 to 37.0% of 
the total phosphorus of the grain. The percentage proportion of 
phytic phosphorus to total phosphorus was the lowest (63.0%) in the 
grain from plots treated with superphosphate and green manure, and 
was the highest (76.6%) in the grain from treatment No. 8. From 
these results it can be tentatively concluded that combination of 
ammonium sulfate with superphosphate is conducive to the formation 
of more phytic phosphorus in the grain. 

Relationship between the Calcium and Phytic Phosphorus Content 
of the Grain. In view of the possible antagonizing action of phytic 
acid on the absorption of calcium in the system, it was of interest to 
know if there was any association between the calcium and phytic 
phosphorus contents of the various samples. The coefficient of cor- 
relation between these variables was calculated from the results of 32 
individual samples obtained from the various fertilizer treatments and 
found to be r = +0.74, a value which was highly significant. The 
relative nutritive value with respect to calcium and phytic phosphorus 
may, therefore, not have been much influenced by the different 
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manurial treatments, since an increase in the phytic phosphorus 
content of the grain is usually accompanied by a corresponding in- 
crease in the calcium content. 

Effect of Fertilization on the Biological Availability of Phosphorus. 
The nonphytic phosphorus content of the wheat samples may be re- 
garded as more indicative of the nutritive value with respect to avail- 
able phosphorus. As not more than 23.4 to 37.0% of the total phos- 
phorus content of the wheats appeared to be in the available form, it 
was considered desirable to determine the relatiom between available 
phosphorus content of the grain and the results of biological assays 
for a few typical composite samples of wheat representing different 
manurial treatments. The results for the percentage of biologically 
available phosphorus on the basis of total phosphorus for the total 
period of the experiment are given in Table IV. 


TABLE IV 


Tota. INTAKE, EXCRETION, AND BALANCE OF PHOSPHORUS RETAINED BY RATS 
Fep on VARIOUS Diets CONTAINING 75% OF WHEAT GROWN ON 
PLots WuicH Hap RECEIVED DIFFERENT FERTILIZERS 


Excretion Ratio® 
1 Fertilizer treatment In- Avail- 
take abllity® nonphy- 
Urinary} Fecal} Total tic, P 
mg. mg. mg. mg. mg. % 
I | Control (no manure) 223.4| 25.1 | 70.8} 95.9] 127.5} 57 2.34 
II | Superphosphate 303.5| 25.3 | 85.8} 111.1] 192.4 | 63 2.25 
III | Superphosphate, green 
manure 295.2| 23.5 | 78.7 | 102.2) 193.0} 65 1.70 
IV | Superphosphate, am- 
monium sulfate 250.1 | 21.9 | 82.5| 104.4} 145.7| 58 2.88 
V_ | Superphosphate, am- 
monium sulfate, green 
manure 237.6| 30.5 | 78.6| 109.1) 128.5 | 54 3.28 


1 There was not much difference in the growth of the various groups. 

2 Availability as percentage of total phosphorus retained by the animals. 

3 Calculated by dividing the values of phytic phosphorus by the corresponding values of nonphytic 
phosphorus of the parent wheat samples (Fable ITI). 


The biological availability of the phosphorus of the different wheat 
samples ranged from 54 to 65%. The former figure (54%) was ob- 
tained for the wheat samples obtained from plots treated with super- 
phosphate, ammonium sulfate, and green manure, while the latter 
(65%) for the wheat samples obtained from plots treated with super- 
phosphate and green manure. On the basis of the nonphytic phos- 
phorus content, as revealed by chemical analysis, the available phos- 
phorus should constitute only 23.4 to 37.0% of the total phosphorus. 
Collating this with the values obtained for biologically available 
phosphorus it is evident that roughly 27 to 32% of the phytic phos- 
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phorus of the wheat samples was also available to the rats. The 
exact nature of the different forms in which phosphorus exists in the 
cereals is still obscure, but certainly a major portion of it exists as 
phytin, a calcium and magnesium salt of phytic acid. This compound 
is susceptible to enzymic decomposition. Patwardhan (19) showed 
that an enzyme capable of hydrolyzing phytin is present in the intes- 
tines of the albino rats. This enzyme may bring about a partial 
conversion of the organic phosphorus into an inorganic form, thus 
rendering a part of it available to the system. McCance and Widdow- 
son (12) determined the actual amount of phytic phosphorus in the 
feces after adding phytin to the diet of human beings. They found 
that 20 to 60% of the phytin was excreted unchanged in the feces and 
suggested that much of the remaining phosphorus may also have re- 
mained unabsorbed and excreted through the feces in some other 
form. On the other hand, Anderson (1) isolated crystalline inositol 
monophosphate from an organic phosphorus fraction of wheat bran, 
which had resisted breakdown into inorganic phosphorus even after 
preserving it for two years. 

It may also be possible that phytic phosphorus is not completely 
digested in the stomach and some of it passed out undigested. This 
explanation appears to be plausible, since in the laboratory 0.5 N 
hydrochloric acid solution is used to extract this form of phosphorus 
from the test material, whereas the strength of this acid in normal 
human gastric juice is approximately 0.1 N. Acid of the latter 
strength can extract only small amounts of the phytic phosphorus. 
It is, however, possible that the enzyme pepsin, which is also present 
in the gastric juice, may exercise some influence on its digestion in the 
stomach. The latter point was investigated by carrying out an in 
vitro digestion of a sample of wheat meal with 0.1 N hydrochloric acid 
solution alone and with the addition of pepsin. ‘The extraction ol 
phytic phosphorus with 0.1 N hydrochloric acid was 56.3%, but with 
a combination of pepsin and 0.1 N hydrochloric acid it was 86.8%. 
It is likely that extraction under natural conditions may be still more 
efficient. In the light of this observation, the view that phytic 
phosphorus may not be extracted completely from the grain complex 
in the stomach is not correct. However, the phytic phosphorus may 
also be regarded as present in some loose combination with the pro- 
teins of the grain, as a fair amount of it was discovered to have been 
released on enzymic digestion. 

The differences in the percentage of biologically available phos- 
phorus among the tested samples seem to bear some relation to 
their phytic and nonphytic phosphorus content. On comparing the 
figures for biologically available phosphorus and the ratio of phytic 
phosphorus to nonphytic phosphorus (Table IV) there appears to be 
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negative correlation between the two. The maximum value for bi- 
ologically available phosphorus was obtained with wheat which had 
received superphosphate and green manure. Addition of green manure 
to the plots receiving superphosphate and ammonium sulfate decreased 
the total and nonphytic phosphorus content of the grain (Table III) as 
well as the percentage of biologically available phosphorus, which was 
the lowest in case of this treatment. 
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IMPORTANCE OF MALT EXTRACTION IN THE 
DETERMINATION OF AMYLASE ACTIVITIES ' 


Victor L. ? and GEORGE M. BuURKERT? 


ABSTRACT 


Two laboratory methods of extracting malt which will give the highest 
or maximum alpha-amylase values are described. The regular method in- 
volves extraction with 0.4% sodium bicarbonate solution at 30°C. for two 
hours; in the rapid method the extraction is conducted by stirring the malt 
with this solution at 35°C. in a Waring Blendor for 10 minutes. The maxi- 
mum alpha-amylase values obtained by these methods are more representa- 
tive of those experienced with malts in the brewing, distilling, and baking 
industries than the activities obtained with distilled water extracts. The 
temperature coefficient of dextrinization (Qio, 30°/20°C.), was found to be 
1.9 when the temperature effect on the color comparison is eliminated; as this 
coefficient is constant for different malts and extraction conditions, the 
alpha-dextrinizing activity can be determined either at 20°C. or 30°C. and 
the’ results calculated for both. 

Although diastatic power determinations on distilled water extracts of 
barley malts do not reflect the activities realized commercially as well as 
extracts prepared by the regular method, they are sufficiently accurate for 
comparative purposes. Wheat malts may contain large quantities of salt- 
soluble beta-amylase, and hence reducing-sugar determinations on distilled 
water extracts fail to reveal their potential saccharifying activity when used 
in the distilling and baking industries. 


In a recent study the authors discussed how the extraction of 
barley and wheat malts with dilute salt solutions results in extracts 
with markedly higher alpha-amylase activity and also higher total 
saccharifying power than extracts made with distilled water (5). The 
most suitable conditions for obtaining extracts of the highest amylase 
activity designated as maximum alpha-amylase activity were extrac- 
tion with 0.05 to 0.2 N solutions of sodium acetate, bicarbonate, 
nitrate, or secondary phosphate at 30°C. Employing these conditions, 
the maximum alpha-amylase values of the extracts were relatively 
insensitive to variations in salt concentration within the foregoing con- 
centrations, to extraction temperatures between 30° and 45°C., and to 
increasing the extraction time beyond the minimum necessary for 
complete dispersion. 

In the present paper, two laboratory methods are described for the 
routine determination of maximum alpha-amylase activity in malt. 


! Manuscript received August 2, 1948. 
2 Address: 890 Park Avenue, New York, N. Y. 
3 Wisconsin Malting Company, Manitowoc, Wisconsin. 
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Methods for Routine Determination of Maximum 
Alpha-Amylase Activity 

In principle, the determination of maximum alpha-amylase 
activity involves the application of modified extraction procedures to 
the dextrinization methods of Sandstedt, Kneen, and Blish (14) and 
Olson, Evans, and Dickson (9, 10). 

Choice of Salt. Sodium bicarbonate was selected as an appropriate 
solvent since 0.2 to 0.4% solutions will give maximum and consistent 
alpha-amylase values while 0.5 to 2.0% solutions of sodium acetate, 
biphosphate, and nitrate are required to obtain equivalent but less 
consistent activities. 

Temperature and Duration of Extraction. The extraction may be 
conducted at any temperature between 30° and 45°C. provided the 
extraction time is adequate. ‘The time necessary to secure maximum 
extraction is shortened when the temperature is raised (or the infusion 
is agitated) (5). This is illustrated in Fig. 1 in which the percentages 
of maximum alpha-amylase activity of a typical brewers’ barley malt 
are plotted against time of extraction with 0.4% sodium bicarbonate 
solution at 20°, 30°, and 40°C. respectively. Maximum activities were 
obtained in about 1 hour at 30°C., and in 30 to 40 minutes at 40°C. 

When the malt infusion was agitated in a Waring Blendor, maxi- 
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Fig. 1. Effect of time of extraction on alpha-amylase activity in the extract of an average brewers’ 
barley malt. Comparison of extractions with 0.4% NaHCO; solutions at 20°, 30°, and 40°C., 0.6% 
NaCl solution at 20°C., and distilled water at 20°C. 
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mum values were obtained in 10 minutes at 35° to 40°C. Little or no 
destruction of alpha-amylase occurs if the pH is maintained between 
5.0 to 8.0. 

Dextrinization. Olson, Lowry, and Dickson (11) failed to obtain 
a constant relation for different malts between the alpha-amylase 
activities of distilled water extracts at 20° and 30°C. and determined 
at 20° and 30°C. respectively. The variability in the ratio between 
the activities for these temperatures was not reduced by extracting 
with 0.5% sodium chloride solution, although the average ratio was 
lower. The lack of a constant relation between the activities obtained 
at 30° and 20°C. was not due to the dextrinization step of the test since 
dextrinizations conducted at 20° and 30°C., for a series of malts 
extracted with distilled water at 20°C., gave a temperature coefficient 
(Qi, 30°/20°) for dextrinization of 2.13 which was relatively constant 
for the different malts. In this study the dextrin color comparisons 
were made at the temperatures at which the dextrinizations were 
carried out so that the temperature coefficient includes any effect of 
the 10° difference in temperature on the dextrin-iodine color compari- 
son. 

Similar studies were conducted by the authors in which seven malts 
of varying activity were extracted with distilled water and with a 
variety of different salt solutions (0.5 to 2.0 N) at temperatures of 
20°, 30°, and 40°C. for different periods of time. Dextrinization meas- 
urements were conducted with each extract at 20°C. and 30°C., but 
the color comparisons were all made at 20°C. The temperature co- 
efficients in all these trials were within +4% of 1.88; as the maximum 
deviation was well within the limits of experimental error, the coeffici- 
ent is considered to be constant and independent of the nature of the 
malt, the extraction medium, or of the time and temperature of the 
extraction. To determine whether the differences between this 
coefficient and that of 2.13 found by Olson et al. could be ascribed to 
the effect of temperature on color comparisons noted by Redfern 
(12), samples of 10 malts were extracted with different solutions for 
varying times and temperatures. The dextrinizations were con- 
ducted at 30°C., but the color comparisons were made at both 30° and 
20°C. Alpha-amylase activities calculated from the end point at 
30°C. divided by those at 20°C. yielded a mean factor of 1.15. Multi- 
plying the coefficient 1.88 by this factor gives a value of 2.16 which is 
in good agreement with the Qo of 2.13 found by Olson et al. The 
temperature coefficient of the dextrinization reaction proper is there- 
fore 1.88. The temperature coefficient of saccharification from the 
data for maltose formation at 30°C. and 20°C. has also been deter- 
mined under conditions paralleling those reported for dextrinization. 
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It was found to fall between 1.80 to 1.84, so that the temperature 
coefficients for both phases of starch hydrolysis are of the same order 
of magnitude. 

Methods. The studies which have been described provide a basis 
for the establishment of convenient routine methods for the deter- 
mination of maximum alpha-amylase activity of malts. The use of 
suitable salt solutions eliminates the influence of temperature on the 
quantity of alpha-amylase extracted. Since the dextrinization values 
at 20° and 30°C. bear a constant relation to each other, the test can be 
conducted at either temperature according to convenience. Two 
methods, a regular and a rapid method, are described. 

REGULAR METHOD: Twenty-five grams of finely ground malt are 
extracted with 500 ml. of 0.4% sodium bicarbonate solution at 30°C. 
for 2 hours and filtered at room temperature. Ten milliliters of the 
clear filtrate are diluted to 100 ml. with distilled water, adjusted to 
20°C., and the dextrinization time determined on a 10-ml. aliquot as 
described by Olson, Evans, and Dickson (9, 10). The color compari- 
son may be made in accordance with this method or with the glass end 
point color standard of Redfern (12). 

Rapip MeEtTuop: Five grams of ground dry malt, or 10 g. of whole 
wet malt are added to the glass or aluminum bowl of a Waring Blendor 
containing 500 ml. of 0.4% sodium bicarbonate solution which has 
been brought to about 35°C. The mixer is operated for 10 minutes 
at low speed for ground malt, and at high speed for whole malt. The 
malt infusion is then filtered through a fluted filter sufficiently large to 
take the entire change, the first 100 to 200 ml. being returned to the 
filter. A portion of the clear filtrate is brought to 20°C. and the 
dextrinization time determined on an aliquot as described by Olson, 
Evans, and Dickson (9,10). With dry malts of moderate activity 
the determination is made with a 10-ml. aliquot (0.1 g. malt); with 
highly active malts a 5-ml. aliquot is taken. For malts of exception- 
ally low activity, double the usual quantities are extracted. The 
moisture content of wet malts is determined at the time the samples 
are weighed for extraction. 

This method does not require a water bath for the extraction and 
the entire determination can be completed in less than an hour. Com- 
parison of the values with those obtained by the regular methods is 
shown in Table |. For dry malts the results are in satisfactory agree- 
ment,’ but somewhat greater differences were obtained between the 
values for fresh malts analyzed by the rapid method and those for the 
corresponding dried malts by the regular method; this appears to be 


‘Similar agreement of results was found when the two methods were compared using suitable 
salts other than sodium bicarbonate. 
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TABLE I 


COMPARISON OF ALPHA-~AMYLASE VALUES OBTAINED 
BY REGULAR AND Rapip METHODS 


Alpha-amylase activity 
(20°C. dextrinizing units) 


Sample number Regular method Rapid method 
Brewers’ barley malt 
1 33 33 
2 33 33 
3 33 33 
4 29 28 
5 31 32 
6 29 28 
7 31 32 
Distillers’ barley malt 
8 44 44 
9 40 40 
10 30 30 
Malted wheat flour 
18 18 
Green barley malt 
12 35! 40? 
13 473 492 
! Vacuum dried. 
2 Wet. 
3 Kiln dried. 


due to changes in activity occurring during dehydration rather than 
to the methods. 


Determination of Saccharifying Activity ; Diastatic Power 


The diastatic power of malt reflects the composite saccharifying 
activities of beta- and alpha-amylase and perhaps other enzymes. 
When Kjeldahl in 1879 (6) and Lintner in 1885 and 1908 (7, 8) intro- 
duced this assay, they infused the malt at room temperature for 6 
hours and assumed that the extraction of diastase was complete. The 
lack of agreement in the results obtained in different laboratories led to 
extensive collaborative work to develop an acceptable standardized 
procedure (1, 2,3). Variations in the conditions of extraction were 
found to be one source of error (13). Strict adherence to the pre- 
scribed temperature, time, and concentration is necessary to assure 
reproducible results, especially since the conventional conditions 
(malt ratio, 1:20; 20°C.; and 2.0 or sometimes 2.5 hours) do not give 
complete extraction of the amylases. The authors have shown that 
the extraction of alpha-amylase from both barley and wheat malt is 
markedly influenced by salts and by temperature and this must in 
turn affect the diastatic power. The extraction of beta-amylase from 
barley malt is little affected by these variations in the conditions of 
extraction, but this does not appear to be true for wheat malts. It is 
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therefore necessary to consider separately the most appropriate condi- 
tions for determining the diastatic power of barley and wheat malt. 

Barley Malt. The extraction conditions shown to give maximum 
alpha-amylase activities are approximately those used in technical 
mashing operations. The salts most suitable for this purpose slightly 
stimulate beta-amylase at 20° and 30°C. in solution, but apparently 
are not important in its release (5). Extraction at 40°C. and for 1 
hour results in some destructive heat effect which about compensates 
that stimulation. It may be assumed that’ conventional malt ex- 
traction at 20°C. with distilled water yields almost the same amount 
of beta-amylase activity as is obtained in industrial operations, and that 
the actual increase in diastatic power is practically that of the increased 
alpha-saccharifying activity. Table I] illustrates these effects on 
commercial barley malts.® 

The increase in alpha-amylase activity due to the use of salts and 
higher extraction temperatures raises the diastatic power above that 
determined in the conventional manner by extracting with distilled 
water at 20°C. The two values for this increase under sections A and 
B of the table represent the range of variation which may occur with 
brewers’ and distillers’ malts under practical conditions; the smaller 
figure is for malts of high diastatic power with a relatively small in- 
crease in alpha-amylase activity; while the larger figure applies to 
the reverse condition. Although the ratio of the alpha-amylase activi- 
ties for salt extracts as compared with water extracts varies con- 
siderably, the variations in the effect upon diastatic power are well 
within the commonly accepted margin of experimental error. The 
conventional diastatic power determination, therefore, can serve for 
the comparative evaluations of malts of the same general type. If 
values more strictly conforming to technical mashing conditions are de- 
sired, the extraction procedure described as the regular method may be 
employed, or the extraction can be made with industrial water at 40°C. 
for 1 hour. The rapid method is not suitable for this purpose because 
the vigorous stirring leads to a decrease in beta-amylase activity. 

Wheat Malt. ‘The influence of extraction conditions on the diastatic 
power of the wheat malts shown in Table II is strikingly different from 
that found with barley malts because of the presence of large quantities 
of salt-soluble beta-amylase in the former. ‘The increase in beta- 
amylase activity due to extraction with salts and to increasing the 
temperature or duration of extraction so markedly influenced the 
diastatic power that it greatly overshadowed the higher alpha-sac- 
charifying activity. 

* Beta-amylase activity was calculated as the difference between the maltose equivalents of the 
total saccharifying power and of the alpha-dextrinizing activity. We used the mean values of these 


equivalents as published by Olson, Evans, and Dickson (9) and by Ehrnst and Lucht (4) which are 
somewhat divergent at higher alpha dextrinizing values. 
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TABLE II 


INFLUENCE OF SALT AND TEMPERATURE DURING EXTRACTION ON 
D1asTaTIC POWER AND BETA—AMYLASE 


Effect upon D.P. of 

alpha-amylase in- 

crease in % of con- 
ventional D.P. 


Diastatic power in % 
of conventional 
maltose units 


Beta-amylase in % 
of distilled water- 


Extracting medium values at 20°C. 


Temp. of extraction 20° 30° 40° 20° 30° 40° 20° 30° | 40° 
Hours of extraction 2 2 1 2 2 1 2 2 | 1 
A. COMMERCIAL BREWERS’ BARLEY MALTS! 
(100°-125° L.; 30-35 Maximum alpha, 20° Dextrinizing Units) 
Distilled water 100 101 102 | 0 3-4 | 4-5 100 98 96 
0.6% NaCl 108 108 108 | 7-8 7-8 | 7-8 101 101 101 
0.4% NaHCO; 111 116 110 | 7-10 7-10 7-10 | 104 | 108 100 
| 
B. COMMERCIAL DISTILLERS’ BARLEY MALTS? 
(180°-200° L.; 40-45 Maximum alpha, 20° Dextrinizing Units) 
Distilled water 100 | 104 103 | 0 2-3 | 3-4 100 102 99 
0.6% NaCl 104 108 105 | 4-6 5-7 | 6-8 100 103 99 
0.4% NaHCO; 105 108 | 107 | 5-7 6-9 | 6-9 100 101 100 
C. WHEAT MALT 

(106° L.; 33 Maximum alpha, 20° Dextrinizing Units) 
Distilled water 100 105 107 | 0 2 3 100 104 105 
0.6% NaCl 146 155 164 | 4 4 3 155 167 167 
0.4% NaHCO; 147 153 149 | 3 4 3 158 | 160 160 

D. COMMERCIAL MALTED WHEAT FLOUR 

(57° L.; 18 Maximum alpha, 20° Dextrinizing Units) 

— 

Distilled water 100 | 123 137 | 0 5 3 100 | 122 139 
0.6% NaCl 160 170 — 3 10 — 169 174 — 
0.4% NaHCO; 165 10 167 — 


! The analytical values are the means for two brewers’ malts, dried at final temperatures of about 
? The results are the means for three distillers’ malts dried ut about 50°C. 


These limited results suggest that distilled water extracts of wheat 
malt are unsatisfactory for the reliable determination of amylase 
activity. Neither the conventional diastatic power test nor the alpha- 
amylase determination on such extracts may reflect the enzymic 
activities of wheat malt for use in baking or in the distilling industry. 
Further studies are necessary to develop a suitable extraction pro- 
cedure. 
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BREEDING FOR NIACIN CONTENT IN A SORGHUM 
CROSS, WESTLAND X CODY' 


FRED W. TANNER, JR.,? A. F. Swanson,’ and J. J. Curtis 4 


ABSTRACT 


The niacin content of grain from F,, F2, and F; plants of a Westland 
x Cody cross is presented. 

Westland ranged from 43.0 to 49.1 wg. niacin per gram and Cody ranged 
from 66.9 to 72.9 wg. per gram. The grain from the F, plant contained 
46.3 wg. per gram. ‘Zhe grain from the F, plants contained niacin in con- 
centrations ranging from 37.8 to 103.6 wg. per gram. Grain from one F; 
plant had a niacin content of 124 wg. per gram, the highest value thus far 
found for sorghum. 

Niacin content appears to be an inherent varietal characteristic. The 
development of sorghum varieties with high niacin content appears to be 
possible. 


The need for dietary niacin by certain classes of animals including 
swine, poultry, and human beings has been well established, although 
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the physiology and biochemistry of this vitamin remain obscure. 
Recent tests from numerous laboratories have indicated that the 
amount of dietary niacin required may depend upon the quality of 
the protein in the diet. Increased niacin requirements have been 
noted with rations compounded with certain proteins, especially those 
deficient in tryptophane. In view of the general deficiency of this 
amino acid in the proteins found in cereal grains and of the biological 
interrelationship between niacin and tryptophane, the niacin content 
of grains apparently becomes an important characteristic to be con- 
sidered in formulating rations. 

Little is known concerning factors influencing the vitamin content 
of plant materials. Several factors undoubtedly play important roles, 
of which climatic conditions, soil types, and fertilizer as affecting 
nutrition of the plant have been studied in some instances. The 
literature pertaining to the influence of some of these factors has been 
reviewed by Somers and Beeson (8). In general, however, the in- 
heritance of vitamin content has received little attention. 

A few reports are available which suggest that perhaps the content 
of B-complex vitamins in cereals may be altered by breeding new 
varieties. Burkholder, McVeigh, and Moyer (2) presented niacin 
analyses of 46 strains of corn which averaged 34.6 ug., but ranged from 
18.2 to 62.1 wg. of niacin per gram on an air-dry basis. Sweetcorn 
varieties generally contained more niacin than dent varieties, and 
popcorn varieties averaged lowest in niacin. Barton-Wright (1) 
found that sweetcorn contained nearly twice as much niacin as the 
flint corns he analyzed (31.0 and 15.6 wg. per gram, respectively). 
Later, Mather and Barton-Wright (5) analyzed sugary and starchy 
kernels from the same open-pollinated ears. Presumably the starchy 
kernels were developed following pollination with starchy types and 
the sugary kernels following pollination by sugary types. In five such 
sets of samples analyzed, the sugary grain averaged 26.2 ug. and the 
starchy grain 14.0 yg. niacin per gram, with small individual differ- 
ences attributable to strain characteristics. Richey and Dawson (6) 
concluded that corn hybrids with niacin concentrations as high as 50 
ug. per gram probably could be developed. They suggested that two 
modes of niacin inheritance may function in corn. One involves the 
joint action of many genes of small individual effects with dominance 
lacking, and the second mode, following the suggestion of Mather and 
Barton-Wright (5), may involve Su su alleles, with Su dominant for 
lower niacin concentration. 

Hunt, Ditzler, and Bethke (3) reported the niacin and pantothenic 
acid content of nine double-cross corn hybrids grown at five experi- 
ment stations in three successive years. Variations were found for 
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all crop years, and all locations, but the greatest variation in niacin 
content was ascribed to varietal influences. In Cody sorghum, on the 
other hand, Tanner, Pfeiffer, and Curtis (9) found that the niacin 
content in grain grown at Hays, Kansas, from 1942 through 1945 were 
72.1, 72.9, 70.5, and 71.8 wg. per gram respectively. This would 
indicate high stability in the niacin level from year to year even 
though the seasons were widely different. Similar stability was 
obtained for several other sorghum varieties grown for a shorter period. 

The data available on grain sorghums suggest that niacin content 
is a varietal characteristic that may be altered by breeding practices. 
Knox et al. (4) observed wide differences in the niacin content of 29 
grain sorghum varieties grown under comparable conditions. Similar 
data were obtained by Tanner, Pfeiffer, and Curtis (9) for 48 com- 
mercial and experimental varieties from different sources and loca- 
tions. The niacin content ranged from 27.7 to 91.9 ug. per gram on 
a moisture-free basis. Some strains developed by hybridization 
carried niacin levels much higher than either of the parental varieties. 
For instance, four Cody X Wonder Club strains grown at Hays, 
Kansas, in 1945 contained 76.6 to 91.9 ug. of niacin per gram; three of 
these were significantly richer in niacin than Cody, the high-niacin 
parent variety. 

Since the data suggested that new lines of grain sorghum could be 
developed that would be rich in this vitamin, its inheritance in one 
series of samples, representing a cross of Westland X Cody, was 
studied. Westland is a commercial variety relatively low in niacin 
and Cody is a commercial variety relatively rich in niacin. 


Methods and Materials 


Niacin determinations were made by the microbiological method of 
Snell and Wright (7) after hydrolysis of samples in 1 N sulfuric acid 
for 30 minutes at 120°C. Hydrolyzates were adjusted to pH 6.8, 
filtered, and assayed in the conventional manner. All results are 
expressed on a moisture-free basis. 

The seed samples were from individual F2 plants of a Westland X 
Cody cross grown at Hays, Kansas, in 1945. After these strains had 
been analyzed, remnant seed was planted the following year, and 
random samples of the seed from F; plants were analyzed to check the 
stability of these new lines. Care was taken to include F; plants from 
parental lines ranging from low to high in niacin content. 


Results 


Seed from the specific plants of Westland and Cody used in this 
cross was not available, but pure lines of both varieties were analyzed 


ra 
7 
| 


336 BREEDING FOR NIACIN CONTENT IN SORGHUM Vol. 26 


for two and five years, respectively. In Westland the niacin content 
ranged from 43.0 to 49.1 ug. per gram; for Cody the range was from 
66.9 to 72.9 ug. per gram with only one sample, that of the 1946 crop, 
having less than 70 wg. per gram. The amount of niacin in Westland 
appeared to be stabilized at a relatively low level compared to Cody. 
The F, generation of the cross, grown at the Hays station in 1944 and 
assayed in 1947, contained 46.3 ug. of niacin per gram. 

The F; generation plants were grown in 1945. Seed from 335 plants 
was harvested and analyzed. The niacin content ranged from a low 
of 37.8 to a high of 103.6 ug. per gram. Two samples of Cody pro- 
duced the same crop year averaged 69.4 wg. per gram. ‘The data for 
the 335 plants were grouped into classes each with a spread of 5 ug. 
per gram. Only seven plants had niacin content as low as or lower 
than the Westland variety, the low parent, while 127 plants contained 
niacin concentrations equal to or greater than Cody, the high-niacin 
parent, and 201 plants were intermediate between the parental vari- 
eties. In this group, the majority of plants were above the midpoint 
between the parents. This distribution of samples is shown graphi- 
cally in Fig. 1. 
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Fig. 1. Distribution of niacin in seed from F2 plants of Westland & Cody cross. 
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No attempt was made to assay all F; heads for niacin because of the 
large number of samples involved. However, five groups were ana- 
lyzed involving bulk seed and two or three plants from rows selected 
to include those produced from randomly selected F2 plants of high, 
intermediate, and low niacin content. The niacin analyses of this 
group of samples are shown in Table I. 


TABLE I 


NIACIN CONTENT OF BULK SEED AND SEED FRQM SEPARATE PLANT 
SELECTIONS OF F; GENERATION WESTLAND X Copy 


Groups 
Niacin content in 
1 2 | 3 | 4 5 
| 
F, plant, 1945 102.3 63.1 46.9 43.3 39.3 
F; plant, 1946 Plant 1 91.4 48.9 42.2 53.3 92.2 
Plant 2 42.0 50.1 48.2 56.5 95.1 
Plant 3 75.0 60.2 om — 57.3 
Bulk seed 84.4 $1.3 | 54.7 | 79.3 45.3 


In general the bulk seed produced on high-niacin rows tended to 
have a high-niacin concentration and that on low-niacin rows tended 
to be low. Segregation, however, occurred in each group. In Series 
4, the bulk seed from the F; plants was considerably richer in niacin 
than the seed from the F» plants. 

These data suggested that further analyses of the seed from F; 
plants would be necessary to indicate the potential range of variation 
in niacin content that might be expected. Additional analyses were 
made of 157 F; heads grown on 55 head-rows. Table II summarizes 
the results obtained. In only one group did the grain in F; heads 


TABLE II 


RANGE OF NIACIN IN SEED FROM Fy, AND F; PLANTS FROM THE CROSS 
WESTLAND X Copy, Hays, Kansas, 1945 AND 1946 


No. of Fe 


plants from R: No. of Fz Range of niacin Avg. niacin 
| im the Fe plants | “Fs plants, | planes ana; | content of Fs | content 

in 1946 

ug./8. ug./g. ug./g. 
38.0-— 49.1 45.0 14 43.9- 74.5 59.4 
19 50.9-— 59.3 $3.2 55 35.5-109.9 64.8 
15 60.3— 69.8 63.8 43 53.7-115.9 75.8 
7 70.8- 79.9 KM: 18 51.4-124.0 76.3 
6 80.1-— 81.6 80.7 18 69.9-106.3 92.2 
3 90.6-102.0 94.6 9 68.0-105.6 88.2 

55 157 
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have an average niacin content below that of the F; heads. In one 
F; row a head containing 124.0 ug. of niacin per gram was found, which 
is the highest niacin concentration yet found in this cereal. This is 
more than 50 wg. per gram higher than the Cody variety, the initial 
high-niacin parent. 

So far as could be determined, niacin content of sorghums was not 
associated with any observable plant character that could be used as a 
genetic tester. As is the case with many other quantitative char- 
acters, the inheritance of niacin probably is complex and results from 
the interaction of many factors. 

While an analysis of only three heads per row is not sufficient to 
measure the behavior of F; rows, the data indicate that new lines of 
grain sorghum rich in niacin may be obtained. Other agronomic re- 
quirements also must be met, but if future research demonstrates the 
desirability of developing cereal varieties of greater nutritional value, 
it should be possible to increase the niacin content of grain sorghums 
materially by selection from suitable crosses. 
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DETERMINATION OF REDUCED IRON IN 
VITAMIN ENRICHMENT MIXTURES ' 


J. D. Neuss and H. A. FREDIANI ? 
ABSTRACT 


When iron is present as reduced iron (iron by hydrogen) in vitamin en- 
richment mixtures it may be determined readily by magnetic separation and 
direct weighing. Such a method provides a rapid and precise method for 
determining the added iron content and precludes the inclusion of other 
iron compounds that may be present in the other components of the mixture. 


The official A.O.A.C. method (2) for determining iron in cereal 
foods, including bread, involves wet ashing of the sample, reduction to 
the ferrous state with hydroxylamine hydrochloride, subsequent color 
development with alpha-alpha dipyridyl or orthophenanthroline, and 
measurement in a suitable colorimeter using applicable calibration 
curves. In somewhat similar fashion the official A.A.C.C. method 
(1) for iron in flour involves ashing of sample, dissolution of residue, 
reduction with hydroquinone, and colorimetric measurement with 
dipyridyl. No official method has been published for this determina- 
tion in vitamin enrichment mixtures, so that current practice appears 
to be to utilize suitable modifications of the method used for flour. 
When the iron in such a mixture is present in the metallic state in the 
form of reduced iron, a magnetic flotation method may be utilized 
for the physical separation of the iron from the other nonmagnetic 
components. The sample is placed in a beaker supported on one pole 
of a strong Alnico magnet. The major portion of the vitamins and 
starch is removed by flotation with methanol or denatured ethanol. 
Several washings with distilled water then dissolve the remaining ribo- 
flavin not removed by the initial flotation. The residual iron is 
washed with methanol to remove water and finally rinsed with ethyl 
ether to remove methanol. Air drying for several minutes suffices to 
yield the iron in weighable form. 


Materials and Methods 


Into a tared 100-ml. beaker accurately weigh 1.0000 g. of the well- 
mixed sample of the vitamin mixture. Place this beaker on one pole of 
a large Alnico magnet, similar to catalog No. 12-012, Fisher Scientific 


1 Manuscript received April 26, 1949. 
2? Chemical Control Division, Merck and Company, Inc., Rahway, N. J. 
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Co. Add 15-25 ml. of reagent grade methanol, simultaneously wash- 
ing down the inside wall of the beaker. Agitate the sample vigorously 
for 15-30 seconds with a stirring rod bearing a rubber policeman. 
Keep the base of the beaker against the pole of the magnet in the 
following and all subsequent washings and decantations. Rinse and 
remove the stirring rod. Decant the methanol suspension and repeat 
the flotation of nonmagnetic constituents with a second portion (15- 
25 ml.) of alcohol. Follow this with four successive washes using 
distilled water. The third water wash should be only faintly yellow 
and the final water wash should be colorless. Wash again with two 
portions of methanol and complete the washing process with two por- 
tions of ethyl ether. Let the beaker and residue of iron stand for 2-3 
minutes until iron particles are dry. Upon removal of the beaker 
from the magnet the iron particles will be free-flowing and loose if 
properly washed and dried. Weigh the beaker with iron and note 
weight, in milligrams, of iron recovered. Multiply this value by 
28.35 to obtain the iron content of the sample in milligrams per ounce. 


TypicaL DaTA 
Sample 


Ai 
Wt. sample 1.0000 1.0000 
Wt. iron recovered 0.1764 0.1775 
Average wt. iron recovered 177 mg. 
Mg. iron per ounce 5020 


Results and Discussion 


Replicate samples have been found to be easily reproducible to 
1-2 mg. (1%). In a series of five determinations carried out on a 
uniform sample the average deviation was found to be 0.5%, with a 
maximum deviation of 1%. The iron recovered from a series of 15 
determinations was assayed by standard methods and found to be 
97.5% pure, indicating negligible contamination by other components 
of the original mixture. 

The adequacy of air drying of the iron residue was tested by further 
drying at 110°C. The additional loss was generally negligible and in 
no case exceeded 0.5 mg. 

In Table | are listed the results obtained on 12 different samples 
both by the magneto-gravimetric and by a volumetric method. In 
this comparison, because of the relatively high iron contents of the 
samples studied, it was not found feasible to use the colorimetric 
A.O.A.C. procedure. Excessive dilution or unreasonably small 
samples would have been necessary in order to obtain reasonable 
color intensities. In the volumetric method used, the sample was 
ignited in a muffle, the residue then dissolved in hydrochloric acid, 
and reduced by passage through a Jones reductor. The ferrous iron 
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TABLE I 
DETERMINATION OF REDUCED IRON IN VITAMIN ENRICHMENT MIXTURES 
Magneto-gravimetric Volumetric method Difference 
Sample mh, “oh mg. Fe per oz. mg. 
1 4977 4950 +27 
2 4946 4890 +56 
3 4976 5020 —44 
4 4828 4970 — 142 
5 5105 5040 + +65 
6 4863 4890 —27 
7 5093 5030 +63 
8 4989 4850 +139 
9 4852 4960 — 108 
10 4829 4750 +79 
11 4977 4950 +27 
12 4946 4890 +56 


thus formed was titrated with standard ceric sulfate solution. The 
recommendations of Edmonds and Birnbaum (3) and of Smith (4) 
were generally followed in this part of the procedure. The average 
relative difference between the two methods was found to be 1.5%. 
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BOOK REVIEWS 


Seed Crushing, Compound and Provender Milling. By H. Moore and A. S. Moore. 
Volume II. 238 pp. Northern Publishing Co., Liverpool, England. Price: 
10/-. 


The present work is an extension of Volume I, with much greater emphasis on 
the subjects which originally were treated only briefly, or not at all. The series has 
been prepared for use as texts in courses offered by the Seed Crushing, Compound 
and Provender Manufacturing Industries. Both books are divided into two sections, 
Part I, “Seed Crushing,” and Part II, “Compound and Provender Milling."’ In 
both cases, the technology of various operations conducted in oil and feed mills is 
described in excellent detail, with drawings illustrating clearly the functioning of 
the various machines employed in all steps of manufacturing. The methods and 
equipment, however, are entirely English and in most cases are at least slightly 
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different from those known to oil and feed producers in the United States. In many 
instances, the design of equipment is vastly different from that of American counter- 
parts, but the mechanical features of the English ‘machines deserve careful con- 
sideration because of rather obvious advantages over some of the equipment used 
in this country. 

Under “Seed Crushing,”’ Volume II contains much more information than does 
Volume I with regard to continuous screw presses, solvent extraction, and the 
handling of oil and meal. Even so, the types of screw presses and solvent extractors 
used in this country are not described. To do so, and to describe in equal detail the 
many other types of such equipment used throughout the world, would necessitate 
tremendous expansion of the book into something more than a text prepared for a 
specific course of instruction. 

The second volume differs from the first with respect to the descriptions of 
compound and provender milling also. In English terminology, ‘‘“compound” is the 
equivalent of mixed feed in the United States, whereas ‘“‘provender’’ refers to such 
items as mill feed, hominy feed, and the like. The new volume is particularly com- 
plete in its descriptions of conveyors and equipment for handling solid materials. 
Among the other subjects treated quite fully, and which were not covered in the 
earlier book, are grain storage, drying, and size reduction. 

Volume I and Volume II of this series are complementary, i.e., Volume II is not 
simply a revision of Volume I, but a presentation of information that could not be 
included in the course for which Volume I was prepared as a text. Both books 
should prove of great value to anyone interested in the actual operating details of an 
oil mill or feed plant, even though much of the English equipment described might 
be quite unfamiliar to him. Equivalent texts describing American machinery and 
methods would be of enormous value to those on the operating level in American 


mills. 
WARREN H. Goss 
Associate Director 
Scientific Research 
& Technical Development 
Pillsbury Mills, Inc. 
Minneapolis 2, Minnesota 


Theory of the Stability of Lyophobic Colloids: The Interaction of Sol Particles 
Having an Electrical Double Layer. By E. J. W. Verwey and J. Th. G. Over- 
beek. Natuurkundig Laboratarium N. V. Philips Gloeilampenfabrieken, Eind- 
hoven (Netherlands). XI + 205 pp. 54 figs. 16.5 X 24cm. With the col- 
laboration of K. Van Nes Elsevier Publishing Company, Inc., 215 Fourth 
Avenue, New York 3, N. Y. 1948. Price $4.50. 


The purpose of this book is to develop a quantitative theory of the stability of 
hydrophobic colloids and suspensions in terms of the present day concepts of the 
electrochemical double layer and of the London-van der Waals forces. The basic 
idea involved in this theory is that a repulsion force, in combination with an attraction 
force, determines the repulsion or attraction potential which will function between 
the particles of disperse phase and defines the conditions of stability, or lack of 
stability, which will exist. The repulsion force results from the mutual interaction 
of the diffuse double layers, while the attraction force is due to London-van der 
Waals forces. 

Roughly a third of the book is devoted to a treatment of the modern concepts 
of the structure of the electrical double layer and the nature of van der Waals forces. 
This discussion serves to orient the reader for the ensuing treatment of the theory 
of stability which is developed. The remainder of the book treats this theory from 
the standpoints of interactions which will occur between two parallel flat plates, as one 
case, and between spherical colloidal particles, as a second case. Predictions based 
upon the theory are shown to agree well with many of the experimental observations 
of colloid chemistry. For example, a theoretical basis for the Schultz-Hardy effect of 
electrolytes upon the stability of lyophobic colloids is given which shows good agree- 
ment with experiment. The theoretical work on the stability of lyophobic systems 
by previous authors is discussed in an appendix to this book. 

The authors have performed a great service to colloid chemistry in their logical 
development of a theory in explanation of this very complex phenomenon. While 
further elaboration of the theory involved will undoubtedly be required, the present 
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treatment constitutes a remarkable and stimulating advance in the understanding 
of the factors involved in the stability of hydrophobic colloids and suspensions. 


D.. R. BricGs 
Division of Agricultural Biochemistry 
University of Minnesota 
St. Paul 1, Minnesota 


The Chemistry and Technology of Enzymes. By Henry Tauber. 550 pp. John 
an Os. Sons, Inc., New York and Chapman & Hall, Ltd., London. 1949. 
rice $7.50. 


This book replaces two by the same author, namely Enzyme Chemistry (1937) 
and Enzyme Technology (1943) which have not gained wide usage as standard refer- 
ences for students. In general the structure of the earlier books has been retained 
but the contents have been rewritten and considerably enlarged. 

In Part 1, 15 chapters are devoted to enzyme chemistry, and methods for the 
preparation of several enzymes are included. The initial definition and classification 
of enzymes is slightly confusing. For example, cytochrome is placed in the iron- 
porphyrin enzyme group together with the remark that “the cytochromes . . . are 
not enzymes.” 

In Part 2, 16 chapters are concerned with the methods used in the industrial 
production of enzymes and their uses, and with the production of industrially im- 
portant organic compounds by fermentation. In the last chapter, microbiological 
methods for the estimation of vitamins and amino acids are discussed. Naturally, 
in any one book which aims at covering such a broad field as does this one, there is a 
limit to the amount of discussion on the various topics. However, the author has 
covered the important aspects of his subjects. While most cereal chemists will 
probably disagree with the author in his statements on the role of proteinases in 
breadmaking, they will find that this book contains much useful information and 
many references on matters of interest to them. 

The chemical formulae, graphs, and photographs are very well presented and the 
occasional errors, such as ‘‘Streptococcus aureus” instead of ‘‘Staphylococcus aureus,”’ 
are relatively unimportant. 

R. A. BOTTOMLEY 
Division of Agricultural Biochemistry 
University of Minnesota 
St. Paul 1, Minnesota 


2 

a 


344 SUGGESTIONS TO AUTHORS Vol. 26 


SUGGESTIONS TO AUTHORS 


General. Authors should submit two copies of the manuscript, typed double 
spaced with wide margins on 84 by 11 inch white paper, all original drawings or 
photographs for figures, and one set of small photographic reproductions of figures. 

Issues of Cereal Chemistry published after January 1, 1948, when some changes 
were made, are the most useful guides to acceptable arrangements and styling of 
papers. 

Titles and Footnotes. Titles should be specific, but should be kept short by 
deleting unnecessary words. The institution from which the paper is submitted, 
author’s connections, etc., are given in footnotes. 

Abstract. <A concise abstract of about 200 words follows title and authors. It 
should state the principal results and conclusions and should contain, largely by in- 
ference, adequate information on the scope and design of the investigation. 

Literature. Long introductory reviews should be avoided, especially when a 
recent review in a monograph or another paper can be cited instead. References are 
arranged and numbered in alphabetical order of authors’ names and show author, 
title, journal, volume, first and last pages, and year. The list is given at the end of 
the paper. Reference numbers must invariably be cited in the text, but authors’ 
names and year may be cited also. 

Organization. The standard organization involves main sections for abstract, 
introduction, materials, methods, results, discussion, acknowledgments, and litera- 
ture cited. Alternately, a series of separate studies is often best described with main 
sections for each study. Headings should be restricted to center headings for main 
sections and run-in italicized headings for subsections. 

Tables. Data should be condensed and arranged to facilitate the comparisons 
the reader must make. Tables should be kept reasonably small by breaking up 
large ones, omitting all unessential data, and minimizing number of significant figures. 
Leader tables without number, main heading, or ruled lines are useful for small groups 
of data. Textual matter in tables should be minimized and unnecessary footnotes 
should be avoided. 

Tables should be typed on separate pages at the end of the manuscript and their 
positions should be indicated to the printer by typing ‘‘(Table I)”’ in the appropriate 
place between lines of the text. (Figures are treated similarly.) 

Figures. If possible, all drawings should be made by a competent draughtsman. 
Curves should be drawn heaviest, axes or frame intermediate, and grid lines lightest. 
The horizontal axis should be used for the independent variable; and experimental 
points should be shown. Labels are preferable to legends. All drawings should be 
made two to three times eventual reduced size with India ink on white paper, tracing 
linen, or blue-lined graph paper. Lettering should be done with a guide, and letters 
should be js to } inch high after reduction. 

For difficult photographs, a professional should be hired or aid obtained from a 
good amateur. The subject should be lighted to show details. A bright print with 
considerable contrast reproduces best, and all prints should be made on glossy paper. 

Figures should be identified by lightly writing number, author, and title on the 
back. Cut-lines (captions) should be typed on a separate sheet attached to the end 
of the manuscript. 

Style. Clarity and conciseness are the prime essentials of a good scientific style. 
A.A.C.C. publications are edited in accordance with A Manual of Style, University 
of Chicago Press, and Webster's Dictionary. 
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Other 
Special Markets Division 
Products 


OXYLITE*, An Improved Flour 
Bleaching Agent. 


TRIDEE*, brand of vitamin Dg 
derived from 7-dehydrocholeste- 
rol for fortification of animal 
feeds. 


DELTAXIN", brand of calciferol, 
pure crystalline vitamin Dg, for 
fortification of fluid milk and 
other food products. 


CRYSTALLINE VITAMIN Ds, for 
fortification of evaporated milk. 


ASCORBIC ACID, to retard brown- 
ing, retain flavor of frozen fruits. 
Pure Crystalline Vitamins 
in Bulk 
Vitamin B, 

(Thiamine Hydrochloride) 
Vitamin Bz 
(Riboflavin) 

Niacin 
Niacinamide 
Calcium Pantothenate 
Vitamin Bg 
(Pyridoxine) 


AMINO ACIDS 


Cereal foods 


The purpose of enrichment is “to correct 
major faults in many American diets, namely, 
inadequacy in thiamine, riboflavin, niacin and 
iron.’ (BREAD and FLOUR ENRICHMENT, 1946-47, 
Prepared by the Committee on Cereals, Food and Nutrition 
Board, National Research Council.) 


American bakers and millers make a substantial 
contribution toward safeguarding the health of 
the nation by enriching cereal foods. 

For easy, accurate and economical enrichment, 
Winthrop-Stearns offers two proven products 
with industry-wide acceptance: 


B-E-T-S*, the pioneer enrichment tablet, has 
ferrous sulfate, a highly assimilable form of food 
iron, as an exclusive feature. 


VextraM*, the original starch base enrichment 


mixture, gives minimum increases of ash con- 
tent, disperses uniformly. 


site. Special Markets—Industrial Division 


170 Varick Street, New York 13, N. Y. 

@Stocked for quick delivery: Rensselaer (N. Y.), 

Buffalo, Chicago, Kansas City (Mo.), St. Louis, 


Denver, Minneapolis, Los Angeles, San Francisco, 
Portland (Ore.), Dallas and Atlanta. 


*Trade Mark Reg. U. S. Pat. Off. 
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SPECTROPHOTOMETRY for Oil Color Readings 


The logical way to make the 
change from visual to spectro- 
photometric reading of cotton 
seed or soya oil color is to order 
the 6B Coleman with calibrat- 
ing filter and a few dozen cu- 
vettes. We will, of course, in- 
clude the operating tips which 
we have found to be so helpful 
in this work. 


Research has taught the impor- 
tance of the various steps out- 
lined in the Tentative Method. 
Add to this the practical know- 
how of our field men and the 
change-over to positive spectro 
readings of Oil Color is easy 
for you, too. 


Tentative Method A.0.C.S. June 1949 


As predicted, colors of cotton and 
soya oil may now be officially read 
on a certain Spectrophotometer ... 
meeting A.O.C.S. 
The Coleman Junior Model 6B 


meets these specifications. 


specifications. 


BONUS... 


The Coleman Junior 6B Spectrophotome- 
ter not only meets all A.O.C.S. Specifica- 
tions... but is the perfect instrument 
for all Colorimetric Analyses, such as 
mentioned in our 40 page booklet 


CURVES AND REFERENCES. 


There is no reason for lengthy research on your part. 
The instrument plus WACO Service will free your 
chemists for other important plant control problems. 


STOCK DELIVERY TODAY 


LABORATORY SUPPLIES AND CHEMICALS 


4525 W. DIVISION ST., CHICAGO 51, ILLINOIS 
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Color Committee} 
: American Oil Chem- 
| ists’ Society, New 
Orleans, May, 1949. 
MM 
Direct Reading Scale also approved and convenient for the work 
\ 
AQ WILKENS-ANDERSON CO. 


Now Available for 
BARLEY DIASTATIC apache DETERMINATION 


Highty Alive Proteinase Profraration 
PX-10—WALLERSTEIN 


This standardized proteolytic enzyme preparation (papainase 
type) is ideally suited for use in the determination of total 
potential Lintner value of barley as a prediction of the 
diastatic power to be expected from the resulting malt. 


Other Wallerstein Enzymes for analytical and scientific 
use: — BETA AMYLASE for determination of Alpha 
Amylase in Malt. INVERTASE (SCALES) for Sucrose 
determinations. MYLASE P for Thiamine and 
other vitamin assays. 


WALLERSTEIN LABORATORIES 


180 Madison Avenue, New York 16, N. Y. 


NOTICE! 


CHANGES IN CEREAL CHEMISTRY RATES 


Owing to rising costs of publication the following rates are effec- 
tive immediately: 
(Foreign postage 10 cents extra) 
$7.50 
(Foreign postage 50 cents extra) 
CEREAL CHEMISTRY back issues and unbound volumes 
are available at: 


Complete Sets 


Single Volumes 

Single Issues 

Each issue up to and including Vol. XXV, No. 6......... $1.50 
Indexes 

$1.00 


Order From 


CEREAL CHEMISTRY 
University Farm St. Paul 1, Minnesota 
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ASSEMBLIES 


Uses Improved 
Sargent Hot Plate 


© Minimizes “Foaming” 


e Is Adaptable for 
Soxhlet Assemblies 


@ This apparatus has been designed to permit any number of crude fiber determina- 
tions, up to six, to be carried out, simultaneously or progressively. This is accom- 
plished by having six individually controlled hot plates and a condenser system which 
allows the beakers to be removed from or replaced on the hot plate without inter- 
fering with the flow of the coolant. 

The new crude fiber assembly consists of: the improved Sargent six place, indi- 
vidually controlled hot plate, tapped to receive seven support rods; Seven stainless 
chrome steel rods 27” x 2” (% x 16 thread); Six 600 ML, high form Pyrex beakers, 
without pourout; Six new Sargent reflexed hemisphere condensers, designed to mini- 
mize “foaming” by causing the condensate to flow down the sides of the beaker 
instead of dropping directly into the refluxing mixture; Rubber tubing to make 
connections. 


$-31870—CRUDE FIBER ASSEMBLY —Six place, electric, Sargent 115 volt AC/ 


DC, as described 


$-31871—DITTO but with S-41325 hot 
plate for 230 volt AC/DC circuits $125.00 
Note:—The improved Sargent six place 
hot plate is available alone— 

$-41315 — Hort plate Sargent six-place, 
electric, for 115 volt AC/DC 

$85.00 
$-41325—DITTO, but for 230 vole AC/DC 
circuits. -$85.00 
— or asadapted for extraction with large, 
medium and small Soxhlet assemblies. 
$-31765—Extraction Assembly, six place, 
electric for large or medium Soxhlet 
Assemblies 115 volt AC/DC circuits 


SARGENT 


consisting of: One S-41315 hot plate; 
Seven stainless chrome steel rods 27” x 
\"; Twelve clamps, new type, Sargent 
spring, rubber covered, for large and 
medium Soxhlet Assemblies. Less Glass- 
-$120.00 


$-31766—DITTO, but for 230 volt AC/DC 
circuits....... $120.00 


$-31767—DITTO, but with clamps for small 
Soxhlet Assemblies 115 volt AC/DC cir- 
$120.00 


$-31768—DITTO, but with clamps for small 
Soxhlet Assemblies, 230 volt AC/DC cir- 
cuits..... -$120.00 


SCIENTIFIC LABORATORY EQUIPMENT AND CHEMICALS 
E. H. SARGENT & COMPANY, 155-165 EAST SUPERIOR ST., CHICAGO 11, ILL. 


MICHIGAN DIVISION 


1959 EAST JEFFERSON DETROIT 7, MICHIGAN 


SOUTHWESTERN DIVISION S915 PEELER ST. DALLAS 9, TEXAS 
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ENRICHMENT 


dramatically 
reaffirmed 


potLowina a Nutritional Survey by 
an international group of outstandin 
eens in 1944, the Newfoundlan 

overnment required enrichment of white 
flour with thiamine, riboflavin, niacin, iron, 
and fortification of margarine with vitamin > 
A. Four years later, the same scientists 
re-examined an —— number of people, 
including many individuals who had been 
exami in the previous survey. 


RESULTS OF THE RESURVEY, 1948 


Nutritional Deficiencies: 

Symptoms related to deficiencies of ribo- 
flavin, thiamine, niacin, and vitamin A, 
strikingly reduced. Signs attributed to 
deficiencies of other nutrients unchanged 
or actually increased. 

Infant Mortality (e.g., City of St. John’s): 
Declined from an average of 102.3 
(1940-1944) down to 61.0 per thousand 
live births (1947). 

Tuberculosis Death Rate: 

Sharply reduced. 

Alertness and Vigor: 
Markedly increased. 

Results of the Newfoundland Nutritional 

Surveys have n reviewed extensively 

in the trade press. Reprints of this ma- 

terial available on request. 


EREAL CHEMISTS have played an im- 
¢ portant part in making the benefits 
of enriched foods pom bam to the 
American le. The results of the 
Newfoundland Nutritional Surveys* 
again fully confirm the value of this 
contribution. 

Participation in the work of these 
surveys is another example of the tra- 
ditional Merck interest in advancing 
the knowledge of nutrition. In keep- 
ing with the high standards of the 
cereal industry, Merck provides spe- 
cialized enrichment products to meet 
your most exacting needs. 

*These surveys were supported by the Newfound- 
land Government, the Diadeeadinad Tuberculosis 
Association, the individual investigators, Merck 
& Co., Inc., Rahway, New Jersey, and Merck & 
Co. Limited, Montreal, Quebec. (The surveys were 


reported fully in the Canadian Medical Associa- 
tion Journal, March 1945 and April 1949.) 


MERCK. 


ENRICHMENT 
‘PRODUCTS 


MERCK & CO., Inc. Manufacturing Chemisls RAHWAY, N. J. 


New York, N. Y. ~ Philadelphia, Pa. 
Chicago, 


In Canada: MERCK & CO. Limited « 


St. Louis, Mo. Elkton, Va. 
Los Angeles, Calif. 
Montreal Toronto Valleyfield 
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APPARATUS: 


GENUINE Corning made fF in- 
terchangeable ground joint ap- 

ratus is identified with the 
amiliar circular PYREX trade 
mark. This is your guarantee 
that it is precision ground by 
the skilled hands that produce 
all PYREX brand glasses... 
your assurance of economical 
service. 

The secret behind the un- 
varying quality of PYREX brand 
¥ ware stems from Corning 
research. The development of 
abrasives and grinding tech- 
niques assures satin surface 
joints which fit snugly. The un- 
retouched photomicrographs 
(right) tell the story. 

Available now from your 
laboratory supply dealer who is 
prepared to handle your glass 
requirements as well as other 
laboratory equipment and 
chemicals from stock. 


Stocked by Leading Laboratory Supply Houses 


PRECISION GRINDING— 
Unretouched photomicro- 
graph (96 magnifications) 
showing the edge of the 

round surface of PYREX 
($) ground joints. 


PRECISION GRINDING— 
Unretouched photomicro- 
graph (96 magnifications) 

wing the ground sur- 
face on PYREX brand (§) 
ground joints. 


ORDINARY GRINDING— 
Unretouched photomicro- 
graph (96 magnifications) 
showing the edge of the 
ground surface on ordi- 
nary ground joints. 


ORDINARY GRINDING— 
Unretouched photomicro- 
graph (96 magnifications) 
showing the ground sur- 
face on ordinary ground 
joints. 


TECHNICAL PRODUCTS DIVISION LABORATORY GLASSWARE « SIGNALWARE - GLASS PIPE »- GAUGE GLASSES « LIGHTINGWARE + OPTICAL GLASS « GLASS COMPONEN 


pat 
— CORNING GLASS WORKS + CORNING, N. Y. 
— LABORATORY GLASSWARE 


for 
PRESSURE 


or | 


Economical | 
and 
Effective | 


THE CENCO-PRESSOVAC PUMP 


is ideal for backing up liquid or mercury diffusion pumps 
in low pressure systems. May be used to circulate or 
collect gases . . . or to conduct fumes from distillations 
to vents. It has large free air displacement . . . 34 liters 
per minute. Guaranteed to attain 25 microns pressure. No. 90510A Cenco- 
When compressed air is required, this pump will satisfy Pressovec Pump for 115 
the need . .. 10 Ibs. per square inch 
maximum. Designed for trouble-free For 

$75.00 
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Engineering Bulletin 10A 
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CENTRAL SCIENTIFIC COMPANY 


1700 IRVING PARK ROAD. CHICAGO 13 
NEW YORK BOSTON. SAN FRANCISCO NEWARK LOS ANGELES TORONTO MONTREAL 
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Service When It Counts 


Every so often, we all need assistance and 
need it badly, to furnish the answers to many of our 
problems. In the Flour and Cereal Industry, N-A’s 


Flour Service Division has been supplying practical, 
down-to-earth solutions to many of the industry's 
problems for over 25 years. Using its broad back- 
ground of experience in the manufacture of 
time-tested products for maturing, bleaching, and 
enriching, the N-A Flour Service Division is ready 
to put its nation-wide service organization and 
extensive laboratory and research facilities at your 
service. They will work closely with your own staff 
and consultants to produce a concrete, individual 
solution to fit your particular needs. 

For more details, call your nearest N-A 
Representative today and find out how this 
service can work profitably for you. 


WALLACE & TIERNAN COMPANY, INC., AGENTS FOR 


NOVADEL-AGENE | 


BELLEVILLE 9, NEW JERSEY DYOX 
for flour maturing 


NOVADELOX 
for a whiter, brighter flour 


N-Richment-A 
for uniform enrichment 
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